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ABSTRACT

' The development of a category scheme for the
systematic analysis of science classroom discourse is described..
Three teaching models are discussed: the Impression Model, which
depicts the mind of a student as receiving and storing external
impressions; the Insight Model, which denies the possibility that
ideas ®r knowledge cam be conveyed by language, and describes
knowledge to be the-result of insight into meaning; and the Rule
Model, which describes the intent of teaching to be the acquisition
of knowledge. The characteristic features of these gzodels constitute
the ;analytical scheme which is used to identify the teaching models
in transcribed chemistry and physics lessons in grades 11, 12, and
13. (MH)
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- FOREWORD -

-

The Explanatory Modes Project is a research and development effort
in science education sponsored by the Department of Curriculum in The
Ontario Institute for'Séudies-in Educaﬁibn. The intent of the project
1s to further a highly promising but relatively undeveloped arca of
1nvestigation:l philosophical analysis applied.to several aspects of
sclence education, including the defensibility of objectives, the charac-
terization of classroom discourse, and the design of teaching materials.
Thg series of Background 'Papers presents a varilety of theoretical consid-~

erations and practical applications of systematic information from such
area3 of scholarly endeavor as philosophy of sclence, eplstemology, and
philosophical analysis of tea&hing. The sample Teaching Materials for
secondary school are being designed to illustrate aspects of the nature
of knowledga and the processes of explanation, as these are reflected in
sclence especially (but not exclusively).

This paper by Hugh Munby, "Analyzing Science Teaching: A Case Study
Based on Three Philosophical Models of Teaching,” has been selected as
one of the Background Papers because of its potentlal usefulness to sclence
teachers and teacher educators alike. It is a significant plece of work
because Munby develops a category-scheme for analyzing science classroom
discourse, with specific attention to provision made for stdﬁents to come
to know the sclence unﬂer‘consideratian during a given lesscn. This is
in contrast to the many avallable category schemes which-are content free,
focusing on such matters as who speaks, and in response to whom. These
may be helpful for characterizing classroom climate, or indeed {(as in the
case of Bellack's work) for obtailning a concise description of teaching
"moves" (structuring, soliciting information, etc.), However, they miss
the essence of the way in which sclence 1s represented, the need for evi-
dence and confirmation, and a number of other matters which are best
approached from the vantage polnt of philoscphical considerations which
glve due weight to the specifics of sclence itself.
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Munby's scheme is sound, and his sample applications are thoroughly
and clearly presenfed. This paper should be a useful ald to any scilence
teacher or teacher educator wishing to become more skilled at detecting
varibus means for ensuring that teaching acts in sclence lessons are -

appropriate to the task students face in coming to know science.

Douglas A. Roberts
Pr¥incipal Investigator

[

The Explanatory Modes Project .
Department of Curriculum
The Ontario Institute
for Studies in Education
252 Bloor Street West
Toronto, Ontario, Canada M55 1V6 _

Telephone: (416) 923-6641,
extension 628 .
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. CHAPTER 1

s
OVERVIEW .4

Some Introductory Comments ..

This paper 1s gbout the development of a categ;;y scheme for system~
atlc analysils of science classroom discourse. Formulation of the scheme
- 13 discussed at some length, to permit the reader to examine both theoret-
ical and methodological considerations’ in detall, and two recorded science

ae e

lessons are analyzed to 1llustrate 1its use in practice.

In recent years many category schemes have been developed for analyz-
ing classroom discourse.l For the most part, these are “content free"--
that is, not bound to the analysls of teaching any specific subject. Thus
the scheme developed In this paper 1s unusuzl. It 1s formulated around
“1ssues concerning techniques and goals appropriate to sclence teaching,
without explicit regard for issues in the teaching of other subjects.

Investigators have centered attention on a wide variety of aspects of
teaching, in developing category schemes. Among these are such diverse
vantage polnts as soclal-psychological analysis. of classroom interaction
and elements of formal logic. The present scheme 1s based on vantage
points from analytic philosophy. 1t draws on philosophical analysis of the
concept of teaching itself, and on philosophical considerations of what it

IIhe multi-volume series titled Mirrors for Behavior (Philadelphia:
Research for Better Schools, Inc., 1967 and later), edited by Anita Simon
and E. il Boyer, lists dozens of category schemes. The editors report
on the use of these instruments in research, in teacher education, and in
supervision. Indeed, some have been used to analyze science teaching,
though not specifically designed for that purpose. See, for example,

J. 8. Parakh, "A Study of Teacher-Pupil Interaction in High School Biology
Classes, Part II: Description and Analysis," Journal of Research in Sclence
Teaching 5 (1967-68), pp. 183-192; or Ralph Yulo, "An Exploration of the
Flanders System of Interaction Analysis as a Supervisory Device with Science
Interns" (Ed.D. thesis, Harvard University, 1967). Py




means to "know" in science. The purpose of the scheme, then, 1s to make
it possible to detect and amnalyze the provision made by a teacher for his
students to come o "know" the sclence which 18 under consideration in a
~‘given lesson.

Two further polnts deserve mention in these introductory remarks.
First, the emphasis of this work 1s consistent with goals and aims of
sclence teaching expressed very forcefully (though by no means exclusively).
over the past two decades. -This 1s the now familiar orientation toward
having students understand the nature of scientific inquiry and szientific
knowledge. However (the second point); while 1ts emphasis on understanding

. ~science 1is familiar, the research style of this paper is unusual. Most
sclence education studies dealing wifh an understanding of science focus
attentlion on the learner in an attempt to attribute incfeased student
understanding of sclence to the use of particu;ar curviculum materials or
a vaguely described teéhhing style. Unfortunately, such studles offer
little of value to practicing teachers, chiefly because the actions within
the teacher's control are inadequately defined, or stated in abstract terms,
or both ("inquiry" emphasis vs. "traditional" emphasis in a textbook, for
instance, or "iecture" vs. "demonstration/discussion" as labels for teach-
ing style). It is quite difficult to translate such global abstractions
into a framework helpful for reexamining one's own teaching or reorienting
one's classroom materials. By contrast, the study presented here concen-
trates on flne-structure analysis of teaching acts, guided by a consistent
philosophical posit:ion.1 Thus the research underlying this paper 1s intended
to be as immediately useful to sclence teachers as possihle.2

About the Analytical Scheme

Formulation of the category scheme (or "analytical scheme") developed

in this paper required systematic answers to two questionms.

lA companion to the present study 1s helpful for similar analysis of
"teaching materials. See the paper by Brent Kilbourn, Analyzing the Basis
for Knowledge Claims in Science Textbooks: A Method and a Case Study,
Backgrourd Paper No. 6, The Explanatory Modes Project (Toronto: Ontario
Institute for Studies in Education, 1971).

2Further discussion of this and similar issues in scilence education
research can be found in a paper by Roberts and Russell, "An Alternative
Approach to Science Education Research: Drawing from Pillosophical Analysis
to Examine Practice,” in Curriculum Theory Network 5:2 (1975), pp. 107-125.
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(1) “What doeg it mean when we say someone knows.a propostion
in szience?

Systeratic work from epistemology (theory of knowledge) provides a way to
deal with this“quéstion, especilally if coupled with some considerations
from philosophy of science. Here the investigator's pedagogical concern
i1s with the extent to which students are“éranted the prerogptive of having
sclentific knowledge claims substantiated by classroom discourse. That
leads to the next question. ) “

(2) How can we assess the extent to which classroom discourse
makes provigion for students to know propositions in science?

To explore this problem, the investigator turned to the literature on
philcsophical analysis of the concépt of teaching, and especlally on the

. relationship of eplstemology to teaching acts.

Aucng other yriters in educational philosophy, Israel écheffler has
concerned himself with the imblications of epistemological matters for
education.l Extending thgt concern further, he has used epistemology as
one focal point for distinguishing among three "models" of teaching, which
he terms the Impression Model, the Insight Model, and the Rule Hode1.2
The investigatoi thus adopted Scheffler's work as a starting point for
developing the analytical scheme in this study.

The scheme itself, consists of characteristic features by which one
can distinguish among Scheffler's three models in actual practice, within
the context of scilence teaching. These features, developed by the investi-
gator, necessarily expand somewhat on Scheffler's account of the models in
order to attend thoroughly to the concerns expressed in the two questions

stated above.

Limitations of the Study
Any exploratory case study of this type has limitations. The investi-
gator wishes to call attention to the following in particular.
First, while the scheme is theoretically useful for analyzing sclence

teaching at all levels, this case study shows its actual application to
only two full-length lesson transcriptions. Both happen to be in chemistry

1Israel Scheffler, Conditions of Knowledge: An Introduction to Epis-
temolopy and Education (Glenview, Ill.: Scott, Foresman and Company, 1965).

2Israel Scheffler, "Philosophical Models of Teaching.” Harvard Educa-
tional Review 35 (Spring 1965), pp. 131-143.

9




(Ontario Grade 12 and Grade 13). They were selected for this demonstration

of the use of the scheme because they intuitively suggested two very differ- _

ent ‘approaches to the teaching of science.

Second, the investigator has not discussed the historical antecedents
of Scheffler's three philosophical models of teaching. That is a Iimita-
tion because the discussion of knowledge in this paper entails use of such
concepts as '“truth," "reality,” "authority," and "knowledge" itself. It
is entirely possible that the meanings of these concepts are not Eonscanc'
among the three models. Scheffler ascribes the Impression Model to Locke,
the Insight Model to Plato and §t. Augustine, and the Rule Model to Rant.l
An analysis of the meaning of the several knowledge-related concepts fox

these writers might provide further distinguishing features of the three
models of'Ehaching.

Third, analysis of the transcribed sclence lessons is intended to reveal
the provision made by classroom discourse for the student to know the sclence
under consideration. It 1s probable that teachers and students rely on forms
of communication other than verbal. Movements of the teacher, facial expres-
sion, and tone of voice are examples of nonverbal communications which might
in some way influence the manner in which students respond and the knowledge
which cﬁey acquire. Nonverbal communications could be of some consequence
to the provision made for the acquisition of knowledge; other observe;s have
noted students making use of a teacher's nonverbal commuﬁicacions.2 However,
in this study such communications have not been recorded, and the analysis
consequently 1s restricted cé an examination of transcribed verbal communi-
cations.

Fourth, it will be apparent from the transcrihed lessons that the stu-

dents have been exposed previously to varylng amoimts of sclentific informa-

tion. No attempt has been made to determine how this informatioa was imparted.

For example, the analysis does not take curriculum materi. ‘s into account.

The analysis is confined to the immediate teaching which has been recorded.

1Scheffler, "Philosophical Models." Further discussion of these his-
torical antecedents may be found in two separate letters to the editor by
Robert D. Heslop and Israel Scheffler, titled "Philosophical Models of Teaca-
ing," appearing in Harvard Educational Review 35 (Summer 1965), pp. 363-367.

2John Holt relates an instance in which children seem to be using
movements of thelr teacher to achieve correct answers in How Children Fail
(New York: Pitman Publishing Company, 1961), pp. l4-16.

10
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Finally, the investigg_cc_:_r_ has noted already that the emphasis in the
present study is ccnsistent witﬁ goals and aims of science teaching oriented
toward student understanding of the nature of scientific inquiry and scien-
tific knowledge. However, no claim is made that epistemological considera-
tiong alone are sufficient to meet such goals and aims. Rathar, this case
study is reported in the spirit of contributing to one aspect of a complex

but exciting area of investigation and practical concern in science education.
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CHAPTER II
THEORETICAL BACKGROUND

This chapter and the next one deal with theoretical considerations
encountered in formulating the analytical scheme, while the last two
chapters are devoted to methodological considerations ancountered In irs
practical application., The flow of ideas In the two theoretical chapters
is as follows. First an account 18 given of Scheffler's three philosoph-
. 1cal models of teaching. Following this is a dis‘f:ussion of conditions
that must be fulfilled before we are willing to grant that something is
known in sclence. Wext is a discussion of prerogatives that must be

granted to the student in a classroom if provision is made for him to come

to know the science under discussion. Finally, the three models are exam-
ined to see 1f they make prov&ion for the student to know in sclence, and
characteristic features of each model are identified.

An Account of the Three Models ]
A synopsis of Scheffler’s three philosophical models of teaching is
presented in this section. The intent 1s to underscore distinctions .be-

tween the models yhich are seen to be most pertinent to development of the
anzlytical scheme. As indicated previously, no account is given of the
historical! antecedents of these models. However, the meaning of the Insignt
Model will be clarified by reference to the portion of the Platonie dialogue,

the Meno, in which Socrates teaches a slave boy a geometric theorem.1

The Impression Model
The Impression Model depicts the wind of 2 student as recelving and
storing external impressions. These impressions of the basic elements of

. 1The parallel between the Insight Model and this portion of the Meno
has been confirmed by Scheffler in a personal communication.

12
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knowledge are fad in, organized, and processed. Thus the teaching aét is
here concerned with exercising "mental processes" of perception, discrim-
ination, retention, combination, abstraction, and representation. The
teacher is responsible for selecting and organizing information which the
students are to receive, and which is “collectively rich enough to support
the progressive growth of adult knowledge in the learnmer's mind."l Accord-
ing to this model, knowledge is acguired and organized through standard
operations of accepted theory. Te;ching is thus the imparting of knowledge
which 1s a public and recorded possession of culture.

Scheffler finds three deficiencies in the Impression Model. First, he
contends that knowledge presupposes the imposition of conceptual frameworks
upon.sensory data. A conceptual framework consiﬁts of underlying axioms,
generalizations, principles, and postulates of accepted theory. Thus,
exposure of the underlying conceptual framework is a necessary condi ion
for imparting knowledge. However, the Impression Model does not require
that such an underlying framework be evaluated. Second, the absorption of
information by a student does not imply that he understands the information
received. In this model, students are not required to correlate given
theory with sense data, nor to appreciate either the grounds for acceptiué
theory or the evidence upon which theory rests. Third, the quel does not
require students to make personal judgments about given theory, and thereby

generate new knowledge.

The Insight Model ‘

The Insight Model denies the possibility that ideas or knowledge can
be conveyed by language, and describes knowledge to be the result of insight
into meaning yhich "makes the crucial difference between simply storing and

reproducing learned sentences, on the one hand, and understanding their
2

basis and application, on the other."

According to Augustine, the words of the teacher prompt the student to
search for realities not known to him previously. Scheffler notes the pres-
ence of a paradox in Augﬁstine's use of words as cues for the student,

pointing out that words alone are useless as cues to unknowns since the

1Scheffler, “Philosophical Models," p. 133.
glhl!;: p. 135.
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student would need to know the meaning of the word prior to using it in
his gearch. In turn, the meaning of the word 1s obtained only by knowiné
the reality to which the word referred. The paradox is resolved by
Scheffler when he argues that the cues consist of statements instead of
words. A student may be provided with a statement whose meaning he knows,
but whose truth or falsity he determines by an acquaintance with reality.l

‘ According to the Insight Model, learning is acquired through a personal
engagement with reality. Thus the student can appreclate the compatibility
of theories or statements with reality. These statements might be his own
or those of a teacher.

For Scheffler, the inadequacies of this model are two. The first re-
gsides in its simplistic account of the testing of a theory against reality--
its construction of this testing "in terms of an in;elléctual inspection
of reality."2 This account omits any concern for “the processes of deliber-
ation, argument, judgment, apprﬁisal of reasons pro and con, weighing of
evidence, appeal to principles, and decis:l.on—mak:l.ng."3 The second deficiency
is that the model makes no provision for teaching the habits and capabilities
required for making judgments. Thus the model ignores the importance of the
concepts "reasons” and "principles" which, for Scheffler, "underlie not only
the notions of rational deliberation and critical judgment, but also the

notlons of rational and moral conduct."4

The Rule Model
_The Rule Model describes the intent of teaching to be the acquisition

of kncwledge.s It ig suggested that "the knower must typically earn the
right to confidence in his belief by acquiring the capacity to make a

= L]

Line term "'reality" in this description will later be extended to in-
clude those theoretical representations of phenomena which are visible to
the students. This will be seen In accordance with the use of a Beometrical

figure in the Meno.
2

Ibid., p. 138.

3Ib:l.d. Emphasis in original.
!

'Ibid., p. 139.

SThe phrase "acquisition of knowledge" 1s intended to signal the three
conditions explicated in the section which follows.

14




reasonable case for the bellef in quest:l.on.“1 This capacity would include
the ability to treat equal reasons equally and to judge 1ssues in the com~
text of general principles to which the individual has bound himself.
Exclusive to this model, then, is the "inculcation of principled judgment
and conduct.” .

As a description of teuching, Scheffler states: "Teaching may be
characterized as an actlvity aimed at the achievement of learning, and
practiced in such manner as to respect the student's intellectual integrity
and capacity for independent judgment."3 This distinguishes teachiﬁg from
other‘acts such as indoctrination which deny students the opportunity of
making judgments. It is clear that only Rule Model teaching has the char-
acteristics which satisfy Scheffler's definition of teachipg.

Considerations of Epistemology
In determining epistemological features of ap analytical scheme based
on Scheffler's three models, it is helpful initially to distinguish between -

“public knowledge" and "persomal kmowledge." Possession of the latter is
what constitutes for the individual the conditions for claiming that he
knows a proposition to be the case. Public knowledge appears to be quali-
tatively different. For example, it may be-pub;ic knowledge that blﬁe
litmus paper turns red in solutions of substances which are termed "acids."
But providing a student with a statement which conveys this public knowl-
‘edge does not imply that the student has acquired personal knowledge of
this proposition. Instead; we may accurately assert only that the student
has been informed that someone thinks this'proposition 1s the case. The
two types of knowledge are.discussed separately, for the differences be-

tween them are lmportant to this study.

Public Knowledge Viewed as “Paradigm Knowledge"
Public knowledge (in science) is conveyed by propositions concerning

the natural environment derived through procedures (rules) acceptable to

the scientific community for Interpreting observations. The apparent

1Scheffler, ""Philosophical Hodels;" pP. 140.
2Ibid., p. 14l.
3Ibid., p. 131.




success of both the interpretations and the rules seems to result in their

" becoming Institutionalized, as suggested by Kuhn's concept of "paradigm
gcience." A paradigm, in the sense used by Kuhn, 18 understood as the con-
ceptual framework which is contemboraneously acceptable to the entire
sclentific community.l Scientific iInvestigations and activities operating
within a paradigm are termed "normal science,” the activities of which
are restricted by: (1) the‘intellectual operations prescribed by the para-
digm, (2) the theoretical constructs which are consonant with the paradigm,
and (3) the contemporaneous practical limitations (such as measurement tech-
nology).

Thus public knéwledge appears to counsist of acceptable information
derived from acceptable intellectual processes. Since both appear to be
restricted by a paradigm, then public knowledge may be recognized as para-
digm knowledge, and sclentific information concerning paradigm knowledge
ag paradigm information. '

The iwpartation of paradigm knowledge by statements of paradigm infor-
mation nelther lmplies nor demands that the reclplent of the information de
more than receive the imparted information. If a student who recelves in-
formation 1s asked questions concerning that information, his responses
might indicate whether or not he had retained the information. Alterna-
tively, as noted by Martin, a student demonstrating that he knows the re-
sponse to a questlion is not necessarlly demonstrating more than that he

knows how to respond correctly.2 Therefore, however appropgiate the

e ¥

lThomas 8. Kuhn, The Structure of Scientific Revolutions (Chicago:
University of Chicago Press, 1962). Kuhn describes scientific revolutions
as paradigm changes which occur when a previously accepted paradigm iz pub-
licly recognized as falling to account for phenomena, and so 1s overthrown.
In Science and Subjectivity (New York: Bobbs-Merrill Company, 1967),
Scheffler presents a critique of Kuhn's concept of "paradigm.” He argues
that Kuhn 1s promoting the stance that sclence is subjective. Schef’ler's
objection to the concept "paradigm"” appears to be in conflict with the use
of the concept in this study, which 1s based on other works by Scheffler.
However, this study 1s not concerned with arguing whether science 1s sub-
jective or objective. It is concerned with the way in which scilence is
presented to students, and with the provisions made for students to acquire
personal knowledge as opposed to public knowledge. The clarity provided by
use of the concept "paradign” appears to justify its inclusion in this paper.

2Jane Roland Martin, "On the Reduction of 'Knowing That' to 'Knowing
How'," in Language and Concepts in Education, ed. B. QOthanel Swith and
Robert H. Ennis (Chicago: Rand McNally & Company, 1961),

16
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response, responding per se does not guarantee that personal knowledge has
been acquired according to the conditions cescribed below. It could be that
the student 1s demonstrating that he has received paradigm information. For

" example, a student who demonstrates that he knows how to balance a chemical

equation might do so without knowlng what the symbols represent, and without
understanding the adequacy of the equation in representing what it purports
to represent.

It 13 apparent, then, that what 1s known publicly does not automatically
become the personal knowledge of an individual who is merely informed by
statements conveylng paradigm knowledge. Perszonal knowledge may be thought
of as knowledge which 1z acquired so that an individual can claim that he
knows a proposition to be the case. This is explicated in the following
paragraphs.

-
Three Conditions of Personal Knowledge

Scheffler describes three conditions which must be satisfied 1if an
individual 1z to claim that he knows 2 proposition to be the case.l The
conditions are known as the belief condition, the evidence conditid;: and
the truth condition. These conditions will be satisfied in a lesson, if

provision is being made for the students to acquire personal knowledge.

The Bellef Condition
Personal knowledge of a proposition requires personal belief in the

truth of that proposition. Scheffler defines belief to be "a disposition
té-offer an affirmative response to certailn sentences under approprilate
conditions--for example, under systematic questioning."2 However, a person
could attest to the truth of a proposition despite the presence of conflict-
ing evidence. Thus belief i8 a necessary but not a sufficient condition
for.knuwledge.

In the classroom an assertion made by students or teachers concerning
a proposition might be interpreted in three ways. First, 1t could repre-
sent a restatement of paradigm Information; second, it might be an indica-

lA detailed account of these three conditions 1is found in Scheffler,
Conditions of Knowledge.

21 1d. , p. 77.
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tion that one or more of the three conditions of knowledge is satisfied;

or third, it wmight be an expression of a personal or social opinion (where
an opinion is defined as an assertion lacking substantiation). Thus state-
ments of belief could be misleading to the identification of a teaching
model unless the context 1s clear. It should be noted that the intensity
with which 2 belief is held 18 irrelevant tc the present discussion.

The Evidence Condition .

A proposition may be substantiated by using-;vidence, logical proof,
or personal faith. Evidence can be obtained from reports of direct obser—
vations, or from direct observationsv?gr se. Reports of direct observa-
tiong are usually offered as statements of an authority. The reliability
of an authority is a Function of thé replicability of his observations
by others, not necessarily a function of the authority's position or com-
petence, which the term "authority" sometimes comnotes. Evidence result-
ing from direct observations may be subjecfive, for perceptions may be
clouded by the preconceptions and/or expectations generated by the para-
digm or personal disposition.

In tlils document personal faith 13 considered to be similar to belief.
Substantiétion resulting from logical proof 1s judged according to the evi-
dence accumulated to support the premises of the argument. Thus evidence
is a necessary but not a sufficient condition for the acquisition of

personal knowledge.

The Truth Condition

Ultimately, acquisition of personal knowledge is achieved by determin-
ing the truth of a proposition. For Scheffler, the truth of a proposition
is determined only by recognizing the limits within which the propdsitibn
is said to be true.l Thus the statement "According to Dalton's'theory,

all matter is composed of atoms" is true, because it states the conceptual

framework or paradigm which governs "all matter is composed of atoms,” and

because Dalton's theory contains that assertion.
The significance of fulfilling the truth condition in classroom dis-
course 1s evident from the following illustration. A teacher might state,

lThis argument 1s presented in detail by Scheffler, ibid., pp. 44-54.
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"All matter is composed of atoms.” If both student and teacher are operat-
"ing conceptually within the same paradigm, then the student 1s able to com~
prehend precisely the meaning intended by the teacher. However, the teacher
might be using a paradigm in which atoms are recognized as postulated enti-
ties, whereas the student unbeknown to the teacher, could be using a para-
digm in which postulated entities have a one-to-one correspondence with
observable entities. Thus the student could misunderstand the representa-
tion of science conveyed by the teacher's statement. This problem can be
obviated 1f the teacher explicitly refers to the paradigm he is using (that
1s, 1f the teacher fulfills the truth condition).

Prerogatives Governed by the Eplstemology of
- Classroom Discourse

Verbal interactions necessarily are characterized by the intrusion of
the speakers upon each other's perceptions. In general, the participants
of such interactions are at liberty to prevent further intrusion by requesi-
ing that the interaction cease. Another characteristic of general verbzl
interaction 1s that 1t carries with it no coercion for taking physical or
intellectual action upon the request of a participant; that is, neither"
participant is empowered with'prerogatives which would permit him to coerce
the other into taking any form of action. The absence of any legal or
logical permission to coerce allows several grounds for legitimately refus-
ing to take such action.

In some societal Institutions there are Instances of verbal interaction
in which a participant may exercise certain prerogatives over another partic-
ipant. Ih law courts there is a complex hierarchy-;f pré}ogatives which are
designed to administer justice and to protect the innocent. WVpon taking
the oath, a witness 1s compelled to answer questions. This compulsion may
be thought of as a manifestation of a contractual prerogative by which the
witness has bound himself to the truthful answering of questions. The wit-
ness is protected by other members of court who are bound to ensure that
the questioning is relevant to the process of the court. Alternative
examples of prerogatives may be found in the military service. 4An individ~

ual enrollied in a service has entered a contractual prerogative which binds

him to obey the orders of his superiors.
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. It 1s possible to detect the existence of a contractual prerogative in
classrooms which 1s distinct from the legal obligations of students to be
present and of teachers to teach. A feature which distinguishes this con-
tractual prerogaqive from those of other socletal institutions 1s 1ts seem-.
ing undisclosed nature. The student may be seen as entering a contract
with a teacher to have something done to him. At the time wheh the student
enters the contract, he is not aware of what 1s to be done to him, and prob-
ably he will remain ignorant of what it is until the outcome of teaching is
attained, at which time'thg_conzfact expifes. Whatever the content of this
contract, a teacher 1s legitimately 'exercising his prerogative by insisting
;hat a student subwmit himself to the terms of the contract, of which the

latter may be unaware. Thus ‘a teacher seems to be in a position to require

students to take intellectual action (and physical action where prescribed
by school regulations), while the student appears to be unable to resist
such requests. Alone, this suggests that a student has no recourse to
counteracting the intrusion of teaching upon his perceptions.l The follow—
ing characterization of teaching is included to indicate that the intrusion
may be counteracted.

If the teaching act 1s considered as aimed at the student to facilitate
the processing of his experiences, then a further prerogative e: :rges.
Within the classroom, the ultimate person responsible for processing a stu-
dent's experiences is the student himself; for whatever is attempted, it is
not possible for a teacher to tave complete control over the processing of
a gtudent’s perceptions. The cholce of how to process his experilences
remains the prerogative of the student. Since this .cholice is the preroga-
tive of the student, 1t 1s apparent that teaching should be directed at
making provision for the cholce to be the result of judgment, rather than
arblcrary opining. The making of critical judgments, we have seen, requires
that the student adopt the dispositions and capabllitles necessary for prin-
cipled deliberation.

In the next chapter, the three models of teaching are examined to deter-
mine which prerogatives are inherent in each model, thus clarifying further

this discussion of the nature of contractual prerogatives in classrooms.

lKomisar makes the polnt that teaching is intrusive upon the perceptions
of the student, in "Is Teaching Phoney?", Teachers College Record 52 (Febru-
ary 1969), p. 409.
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CHAPTER IIX
THEORETICAL DEVELOPMENT OF THE ANALYTICAL SCHEME

The theoretical considerations of the previous chapter are used here
to determine the characteristic features of the three models of teaching.
These features constitute the analytical gcheme which 1s used to identify’
the models in the transcribed lessons. Determination of these features
is faci}itated by the use of a specific terminology which-1s described
below, with reference to the discipline of phyéical sclence. This termin-
ology is used cnnsistéﬁtly througheut the remainder of the paper.

Definitions

Physical scilence is taken to mean a system of laws, theorles, general-
izations, and principles which are used to expléin natural phenomena. It
is helpful to identify three distinct Eomponents within this way of explain~
ing: observable phenomena; an explanatory system; and logical rules which -
permit one to link phenomena with the explanatory system, or to move within
the system per se. These components are not exclusive to physical sclence.
However, the attribute of physical sclence, which distinguishes it from other
ways of explaining phenomena, is that explanations using magic, religion,
animism, and the willful behavior of inanimate substances are not permitted
in scilence.

In this paper logical rules are termed "logical procedures" (thus avoid-
ing unintended aséociations with the Rule Model). Logical procedures which
are seen to link phenomena with the explanatory system are termed "logical~
empiric procedures.” Loglcal procedures which icpresent a movement within

the system are termed "lcgical-analytic procedures.”
It 1s anticipated that In the lessons some confusion may be evidenced

between observable entities and postulated entities. The former are visible,
or potentially visible, to the students. The latter are postulated to
explain observable phanomena; they are thus abstractions. This possible
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confusion may be explained by referring to the scientific paradigm. Within
the contemborary paradigm it 1s legitimate to speak about atoi:® as though
one were reporting about states-of-affailrs. However, a correct representa-
tion of science would require that some reference be made to the paradigm.
Omission of this reference results in a misrepresantation of whaz is known
about phenomena. Since the present study 1s concerned with the wanmer in
which science 1s represented or misrepresented to students, it 1s necessary
to specify a terminology which will permit identification of such misrepre-
sentations, and which may be used consistently for all three models without
conflicting with their historical antecedents. For this reason the tuims

"reality" and "fact" will be avoided in the development and use of the

analytical scheme.

In lessons, abstractions might be represented as reports of gtates-of-
affairs. These are termed "postulated entities" and "observable entities"
respectively, in order to assist the identification of any misrepresenta-
tions. In science, inferences are wade concerniné the behavior cf postu-
lated entitles and observable entities. Although such inferencec rest on
evidence and paradigme rules, they are at times represented in lesscns as
reports of states-of-affairs. Thils may occur with or without reference to
the paradigm in which the inferences are recognized as useful.

"Authority" is used to refer to one who 1s in 2 position to know, who
has recsgnized expertise in the pertinent area of knowledge, and %iose
observations are replicable by others. It is anticipated that the follow-
ing points, germane to authority, will be useful for ldentifying different
models. Students could be provided with the evidence afforded by an
authority, or the evidence could be paraphrased. A reference to the sourre
in which the authority presents the evidence would permit students to
examine the source, and thence to make some assessment of 1ts reliability.

In the previous sectiun it was shown that the presence of evidence is
necessary for the acquisition of personal knowledge. Any statement which
makes reference to observable phenomena will be termed an "empirical rafer-
ence," The presence of an empirical reference does not necessarily estab-
lish that the evidence condition has been satisfied. It is necessary that
the phenomena referred to by the empirical reference are visible to the

students, or have the potential for being visible to the students {for
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instance, there may be references to common phenomena). In the analysis -
note will be made of whether or not an empirical reference is considered
asg providing evidence.

The term "representation" will be uged to denote chemical symbols, s
equations, diagrams, and other collections of symbols which represent
states-of-affairs. Representations are themselves abstractions, and are
used to explain or clarify states-of-afrfairs or other abstractions. Con-
sequently, representations have some correlation to states-of-affairs. It
is antjcipated that the way in which this correlation 18 explicated will

be a useful indicator of the model evident in a portion of a lesson.

Identification of the Features
In the remainder of this chapter, the models are examined separately
‘to determine their characteristic features. A summary of these features

can be found at the end ot the following chapter.

The Impression Model ]

According to the Impression Model, the teachet*selects th2 information
which is imparted as knowledge. This is to be accepted by the student with-
out question. The student is not afforded the opportunity for putting the
recelved paradigm knowledge to the test of his experiences; nor is he encour-

aged to exercise his prerogative of personal choice concerning the acceptance
of what he is told and any actions related to it. Thus there are no grounds
for assuming that the student acquires personal knowledge. Instead,, cﬁg
contractual prer;gative inhevent in this model appears to be that the stu-
dent accept paradigm knowledge as personal fmowledge.

This requirement provides an indication of the types of questions
and responses which characterize Impression Model teaching. Since students
are to receive information without judgment or argument, there will be no
act?mpt by the teacher‘CO ask questiong requiring more than a recall of
iniormation which hag been glven previously. Consequently, éhe responses
characteristic of this model will contain recalled information.

The knowledge imparted by this model is described accurately as para-
digm knowledge. This description has two implications: first, the infor-
mation 1s presented as true -without elther reference to the rules and
assumptions of the paradigm, or provision of empirical references; and
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second, the preaentaéion of information as true does not permit gtudents to
make judgments concerning its acceptability. By definition, a txuth is not
negotiable--it connotes finality; and without the provision for considera-
tion of alternative explanations, there 1s no occasion for students to make
judgments. .

The features of this model are discernible from the inherent intention
to p;isenc paradigm knowledge.l The presentation of paradigmatic cruths
without reference to the paradigm entails an ipattention to correct episte-
mology in science. Thus there will be evidence of the presentation of infer-
ences as observable phenomena, and postulated entities will be described .in
a manner similar to that used for observeble entities, boch';ichouc‘reference
to the paradigm and description of the paradigm.

For a student to judge a logical procedure, the procedure must be

- ;;QgpiCCed so that the appropriateness of 'its use can be assessed. Further,

the approprlateness of a represeatation cannot be judged logically unless
the representation is presented so as to clearly indicate that it is an
abstraction. In this Way the teacher makes proviscion for the consideration
of alternative representations. Teaching by the Impression Model mzkes no
provision for students to form judgments. Thus depiction of logical pro-
cedures, and provision for the consideration of alternatives are not char~
acteristic of Impression Model teaching.

The use of representations and explanations need not be substantiated
for they are presented as accepted truths. Consequently, there is no need
to provide empirical references nor to expose the students to observable
phenomena. Evidence from authority may be used without reference to its
source. Neither 1s 1t necessary for the evidence to be cited accurately.

The Insight Model

Characteristic of the Insight Model is the teacher's use of verbal cues
to prompt the student. The student uses these cues to acquire knowledge
through his perceptions of observable phenomena. This method of eliciting

1Ic should be noted that the paradigm being taught need not be the
currently accepted paradigm. The Impression Model would permit the teach-
ing of eighteenth-century paradigms, and would permit a teacher to require
the students to accept them as truth.

3
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knowledge is analogous to that used by Socrates in a portion of the Meno
dialogue-1 In this portion of the dialogue, Socrates ellcits a geometrical
theorem from a slave boy, by asking questions concerning drawn diagrams.
The boy uses Socrates' cues and the diagrams to respond, an& finally he 1is
able to state the theorem. The diagram may be thought of as a representa-
tion; thus it seens permissible to extend the characterization of the model
to include a searcn within a.representation, in addition to a search in
states-of—affairs.2 The logical procedures which are used in the Meno dia-
logug can now be identified as loglcal-analytic procedures. If the student
were acquiring knowledge from states—of-affalrs, a loglcal-empiric procedure
would be evident.

A further point can be made from the Meno dialogue. The drawing of
the diagram initially establishes that the logical procedures to be used
are thor2 of Euclidean geometry. However, there are alternative geometries,
such as those of Lobache#sk& and Riemann; and, aichough the use of these in
the Meno 1s an historical impossibility, it is useful to note that the
Euclidean paradigm is estabiished without provision for the consideration
of any possible alternatives. .

Empirically, it seems that the manner in which science 1s represented
in the Insight Model is no different from that in the Impression Model. The
models are similar In their omission to prescribe that the teacher provide
the students with means for judging the appropriateness of the inferences,
explanations, and logical procedures within 2 paradigm. Therefore, postu-
lated entities will be presented as observable entities, and inferences
will be presented ;é'?hports of observable phenomena. There is no need for
the teacher to make provision for the consideration of alternatives, because
nelther nodel makes reference to judgment. The evidence of an authority
may be used as a means of support for a statement, but there is no need to
refer specifically to the authority, nor to cite the statements of the
authority.

The difference between the two models is evident in the mamner in

which students are expected to react to stimull provided by a teacher. On

lPlaco Meno 82B-85C. As noted earlier, the approprlateness of this
analogy has been confirmed by Scheffler in a personal communication.

2This extension of the Insight Model has been zllowed by Scheffler in
a personal communication.
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the one hand, the Impression Model represents the student's mind as a
tabula rasa, recelving stimuli. The Insight Model, on the other hand,
deplcts the mind as having prior knowledge which 1s elicited by stimuli in
the form of cues. The student uses these cues to examine representations
or observable phenomena; and thereby to provid> new information. His
* responses are restricted by the cues provided, and by the phenomena or rep-
recentations used in constructing those responses. Thus thg student 1is not
expected to exercise judgment; he 1s expected only to demonstrate his under-
standing of a logical procedure by responding appropriately to the teacher's
- cues. This appears to describe the nature of the contractual prerogative
in the Insight Model. - )
It is not possible to predict precisely the typ#s of cues which are
identifiable with Insight Model teaching. They will be characterized by
their intention to elicit new information; and they will form pert of a
logical procedure which the student will follow in order to responi correctly.
On occasion it 1s possible that the teacher's cues appear irrelevant to the
logical procedure which a student is apparently intended to understand. In
the analysis, such instances will be noted, and arguments will be presented

to demonstrate that such teaching can be regarded as Insight Model teaching.

The Rule Model

The Rule Model 1s distinct from the other models in the provision it
makes for students to acquire personal knowledge, and to make judgments.
Thus 1t 1s insufficlent for a teacher to supply information and to demon-
strate logical procedures. Instead, logical procedures must be described
in such a way that provision is made for the consideration of alternative
procedures and explanations. This may be recognized as the fulfillment of

.—the truth condition, a necessary condition for the acquisition of personal
knowledge.

If teaching by the Rule Model requires fulfillment of the truth coandi-
tion, then sclentific knowledge will be represented as relative to a para-
digm. That 1s, inferences used to formulate abstractions, and the abstrac-
tions themselves, will be accompanied by reference to a paradigm. Alterna-—
tively, the inferences and abstractions will be stated in such a way that
they are seen to be clearly dependent upon a paradigm, and that the use of -

alternative paradigms might result in alternative inferences and abstractions.
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If an inference is prefaced with a word which coanotes thai alternatives are
possible, then this would permit a student to request substantiation or
alternatives, and to judge the acceptability of the inference. This provi-
sion for consideration of alternatives does not imply the need for provision
of alternatives. Such a requirement would place considerable stress on the
practicality of R;le Model teaching.l . ‘

The Rule Model prescribes that the paradigm be either exposed or
referred to In such a way that students may judge the appropriateness of
the inferences and explanations which the paradigm offers,

A teacher will introduce a logical-analytic procedure in such a way
that its use 13 bhoth explicated and justified. By definition, the use of a
logical-empiric procedure 1s accompanied by an empirical reference. Since
the Rule Model requires the students to acquire personal knowledge, then
the teacher 1s required to provide evidence for-the students. Thus, objects
or events to which empirical references refer must he visible to the students,
or bhe such that they are within common eXperlence so that they are potentially
visible to the students. For instance, there might be a reference to a
previous demonstration, or to some common natural phenomenon.

Evidence derived from an authoritative source will he accompanied by
some reference to fts origin so that students are provided with some grounds
for judging the reliability of the authoritative source. The evidence will
be cited from the source, or the teacher will provide a paraphrase and indi-
cate that he i1z doing so.

Typically, transcriptions of Rule Model teaching will show inferences
to be distinct from reports of observable phenomena, and postula;ed entities
will be shown distinct from observable entities. Xf this is not explicitly
stated, then there will be a reference to the paradigm used at that time
(implicit references are noted in the analysis wherever possible). Logical
procedures will be described in such a way that provision for alternatives
igs being made. Alternative explanations need not he provided, but the teach-
ing will he seen to provide for the consideration of alternatives.

In terms of prerogatives, the teacher can legitimately insist that stu-

dents he exposed to explanations and to thelr meanz of support. But the

lln a personal communication, Scheffler has acknowledged that the
requirement "provision of alternatives” 1s too stringent aa interpretation
of Rule Model teaching.
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teacher has no right to require students to accept a proposition as true.
Ascribing a truth value to a propogition is the prerogative of students.
Previously it was noted that the ultimate responsibility for the processing
of personal experience rests with the individual. Teaching by the Rule
Model permits students to exercise the prerogatives associated with this.
In addition, students are permitted to partly counteract the intrusiveness
of Eéaching either by requesting support for the teacher's claims, or by
providing arguments for not accepting them.

Questions characteristic of the Rule Model will reflect the intention
that students make judgments., Thus questions might require the provision
of evidence, argument or judgment. The responses will fulfill these requests

appropriately.
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CHAPTER 1V

EMPIRICAL PROCEDURES OF THE ANALYSIS .

This chapger and the final one deal with nethodological considerations
encountered in application of the analytical scheme. The present chapter
describes the manner in which lessons were collected and the format in
which thgy are presented. Also, procedures for selecting portions of lessons
for analysis are detailed, and some mechanical procedures of analysis are
noted. A concise version of the analytical scheme 18 then provided at the
end of the chapter.

Collection of Lessons
The analytical scheme theoretically should be applicable to all levels

and types of sclence lessons. For purposes of this case study, it was
believed that useful transcriptions might be obtained from recordings of
chemistry and physics lessons in Grades 11, 12, and 13.

Permission to record was obtained from fouriqcience teachers whose
schoola:are within the metropolitan Toronto are;. The teachers were informed
that the recordings were not for the burpose of evaluating teachers, but of
demonstrating the application of an analytical scheme. In all, ten lessons
were recorded: one lesson from Teacher W, and three consecutlve lessons
froz each of the other teachers X, Y, and'z.l The recordings were made with
a monaural tape recorder and a single microphone which was placed near the
front of each classroom. During the lessons, notes were made of blackboard
writing, references to textbooks, and other pertinent detalls. No records
were kept of class size, student variables, teacher variables, or lesson
duration. Such factors are of no importance to the present study, for

obvious reasons.

1Fol].owing the first recording, Teacher W expressed the bellef that
the material he was teaching was too theoretical to be of use to the study.
In order to prevent any possible uneasiness, 1t was agreed that the class
would not be recorded again.
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All ten lessons were recorded within a pefiod of two weeks. Whenever
feasible, each recording was transcribed immediately after it was made.
Ultimately two lessons were selected for presentation in this paper--one by
Teacher W (his first and only lesson) and the other by Teacher X (his third
lesson). Both h%ppen to be in chemistry. Teacher W 13 teaching a Grade 13
class, while Teacher X is teaching a Grade 12, nonacademic g?oup (called, .at
the time, the "four-year stream™). The lessons were chosen because intui-:
tively they séemed to represent two different approaches to the téaching of

sclence.

Presentation of Transcriptions

~

The lessons and their analysis are presented in the Appendix, but it .
would probably be most appropriate 1f the reader delayed examining that
material for the moment. The discussion in the remainder of the present
chapter 1s helpful in understanding and following the analysis, and it is
suggested that the reader actually examine both lessons and analysis upon
beginning the next chapter.

Lessons are displayed with the transcribed discourse conxined to half
the page on the left-hand side. This format provides space for the analysis
to be written opposite that portion to which it refers. Students are ldenti-
fied by name whenever‘it is evident from the discourse; otherwise they are
identified simply as "Student." The teacher 1s always ldentified as
"Teacher." The lines of discourse on each page are numbered in multiples
of five to facllitate reference to specific lines; these numbers appear at
the left of the page. Explanatory comments, chemical equations, and similar
blackboard work are enclosed within parentheses and included in the body of
the transcription. The one larger table in Teacher W's lesson 1s reproduced
at the end, and the reader 1s referred to it by a footnote at the point
where 1t was first used in the lesson. Each lesson 1s identified at the

beginning of the transcription.

Procedure of Analysis

Grouping Utterances
An important methodological consideration encountered was to declde

which portions of the tramscriptions would be analyzed, and to justify the
exclusion of the remalnder. It seemed useful, for this purpose, to divide

the classroom discourse into four types of utterances.

30




=25=

Group 1

This group includes all statements and questions which relate directly
to knowledge.. These utterances would include assertions about phenomena,
abstractions, explanations, etc., and questions relating to these.

Group 2

A number of utterances have an indirect relation to knowledge. These
make reference to past or future work, assiguments, tests, the opening of
textbooks, the copying of material, énd others. For instance, the state-
ment, "You will remember this from last week" would indicate- that the topic
referred to had been mentioned previously. 'Open your books at page ten"
is a further example of a Group 2 utterance.

Group 3 .

Utterances in thig group have 4 winimal relation to knowledge. Rather,
they concern the maintenance of classroom order and personal conduct of the
students. Normally such statements are not analyzed, but if relationships
between classroom discipline and inferred teaching model are evident, they

are noted.

Group 4

~ This group includes utterances such as overtures ("Hello," "Good morn-
ing," etc.), remonstrations, asides, jokes, laughter, and similar irrele-
vancies. These are not analyzed, although they remain in the transcriptioms.
It 18 understood that nolses of assent or dissent, relating to questions of

knowledge, aré consldered as Groﬁp 1 utterances.

Choice of Utterances

Since fhis study is restricted to the knowledge dimension of teaching,
the analysis 1s directed at Group 1 utterances. In the analysls, utterances
of Group 1 are not identified by the description "Group 1"; instead, the
utterances of the other groups are ignored. In a few cases it 1Is found use-
ful to explain other utterances. These are clearly identified as belonging
to one of the other groups. "
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Identification of Episodes

‘Each lesson is analyzed as a discrete unit of teaching. Any depar-
tures from this procedure are justified within the analysis. For conve-:
nience, each lesson 1s divided iﬂto consecutively numbered eplsodes.

These eplsodes will be seen as distinct parts of lessons; they may repre-

sent stages of a teacher's argument, or they may contain different topics
taught within the lesson. No attempt 1s made to justify the divisions
used in distinguishing the episodes, beyond thelr apparent use fulness.
(There are fifteen episodes in Teacher W's lesson and eight in Teacher X's

lesson.) N

Indicating Episodes in the Analysis
Episodes are designated by underlining, and their limits are indicated

by line numbers and page numbers (where appropriate). For instance,

"Episode 1. 1LL.1-8 (p.A3)" indicates that the first episode commences on

the current page at line one, and ends on line eight of page A3. Should

an eplsode begin and end on the same page, then the page reference 1s omitted.
The symbols "L" for "line" and "LL" for "lines" are adopted to avoid confu-

sion between the number '1" and the letter "1."

Designation of Model of Teaching
The model of teaching evidenced in an episode is identified by placing
the name 1n upper-case letters lmmediately following the commencement of the .

episode. Any departures from this procedure are clearly indicated. Whenever
the name of a model of teaching 1s used to denote its apparent presence, the
name 1s placed in upper-case letters; for instance, a question which is
characteristic of the Impression Model is identified as an "IMPRESSION ques-—
tion." In some episodes more than one model of teaching appears to be evi-~

denced. These instances are noted appropriately.

Location of Analysis
The analysis includes justifications for classifying eplsodes as

instances of teaching models. Therefore, the analysis appears opposite that
portion of the discourse to which it refers. Reference to specific parts

of the discourse 1s achieved by using the notation "L followed by the

appropriate line number.
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Summary of the Analytical Scheme

The arguments in the analysis are used ro ldentify the medels by indi-
cating thelr characteristic features which are evident In episodes of the
lesson transcriptions. These features are listed below in summary form.
The terminclogy 1s consistent with that used in the analysis, and of course
with the theoretical development presented earlier.

The Impression Model

a) There will be no reference to paradigms so the inferences of a paradigm
will be presented as reports of observable phenomena.

b) No distinctions Wwill be made between postulated and observable entities.

c) Empirical references are not necessarily provided, nor is the phenomenon
necessarlly visible to the students.

d) Logical procedures need not be explicated nor need their use be justified.

e) There 1s no provision for the consideration of alternative procedures or

‘ ;xplanations.

f) The evidence of an authority need not be cited, nor need there be refer-
ence to the source of this evidence.

g) The teacher's questions intend to elicit the recall of information given
previously.

h) The students' responses will contain information given previously.

The Insight Model
The presentation of sclence in t?is model 1s cimilar to that in the
Impression Model. .
e
a) There will be no reference to paradigms, so the Inferences of a paradigm

will be presented as reports of observable phenomena.

b) Postulated eﬁtities will not be distinguished from observable entities.

c¢) Empirical references are not necessarily provided, nor 1s the phenome~ -
non necessarlily visible or potentially visible to the students.

d) There is no provision for the consideration of alternative procedures
or explanations.

e) The evidence of an authority need not be cited, nor need there be a
reference to the source of this evidence.

f) The teacher's questions, which are referred to as '"cues,” are intended

to elicit new Information.
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g) Cues may form part of a logical Erocedure which students must follow
1f they are to derive the required new information.

k) Some cues may be seen as irrelevant to the responses required or the
logical proce&ure intended.

1) The responses of students will provide new information. The responses
are derived from the teacher's cues.

The Rule Model
a) Paradiges are exposed or referred to, so that the inferences of a para-

digm are presented in such a way that they are clearly to be assoclated
with a paradignm. ’

b) Postulated entitles are distinguished from observable entities.

c) Loglcal procedures are clearly explicated, and provision is made for
their use to be questioned.

d) There 1s provision for the consideration of alternatives.

e) Empirical references are provided; the phenomena are visible or poten-
tially visible to the students.

f) The use of &n authoritative source is accompanied by a reference to
the authority; the authority's statements are provided, or the teacher
indicates that he 1s presenting a paraphrase.

g) Characteristic Rule Model questions would contaln requests for judgments,
evidence, substantiation, or alternatives. These requests will be

answered approprilately.
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CHAPTER V
IMPLICATIONS OF THE STUDY

The first section of this chapéer specifies methodological difficul-~
ties experlenced in practical application of the analytical scheme.1 In
the second section, some theoretical implications and practical consequences
" of teaching according to the models are discussed from both the foregoing
theoretical considerations and the evidence provided in the Appendix;z The

final section contains some concluding remarks.

Practical Limitations of the Apnalytical Scheme
A deficiency in. the use of the analytical scheme is the difficulty
experienced in identifying which information the students have been
acquainted with previously. This limitation was noted in Chapter I: the
user of a scheme Such as this one 1s obliged to analyze the immediate dis-

course without referring to what has been taught In a prior lesson.

The first episode of Teacher W's lesson (L.l {p.A2} to L.8 [p.A3])
affords an illustration of the type of difficulty resulting from this limi-
tation. Clearlys the structural representations and lcgical procedures
referred to here have been Introduced to the students in a preceding lesson.
If there were some indication of how these were initlially taught, the lesson
might have been analyzed differently. It is noted, howaver, that there is
no reference in this part of the lesson to the paradigm which permits the
representations to be spoken of as states-of-affairs. The episode is de-
scribed as Indighr Model teaching for two reasons. First, no disFincE%gps
are made between representations and reports of states-of-affalrs; and
second, there 1s no provision of means for judging the adequacy of these

representations.

lAt this point the reader is urged to read the appended lessons and
their analyses. N

zReference 1is made to the Appendix by appropriate page and line
numbers, 30
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A similar difficulty is apparent in the final episode of Teacher X's
lesson (Episode 8. L.27 [p.A37] to L.30 [p.A39]). The episode evidently
constitutes an introduction to the next topic for the class; one might,
therefore, infer ihat the omitted sources of evidence and logical pro-
cedures will be suppliad in following lessons. There is a reference to
some forthcoming evidence (L.40 [p.A38]) but there is no indication that all
the relevant information will be presented. Since the analysis is directed
at the immediate provision for students to know, the episode 1is identified
as Impréssion Model teaching. | ‘

There are instances in which the identification of an eplsode as evi-
dencing one of the models is confused by the existence of features of other
models within the same episode. Episode 5 in Teacher X's lesson (L.48 [p.A29)
to L.33 [p.A32]) is identified as Rule Model teaching. However, it is seen
to contaiu a portion of Insight Model teaching (LL.34-39 [p.A31]). The
resulting confusion might be removed by reducing the length of episodes and
increasing their frequency, yet this might render the analysis overly compli-
cated. Another solution might be to classify episodes according to the
model predominantly evidenced, yet this would require some means of assess-
ing the quality and quantity of each model present in any one episode. The
resolution of problems emanatiné from such assessments would not add to the
purpose of the analysis, which is to identify the models and assess the pro-
vision for students to know. Similarly, it would be meaningless, for in-
stance, to judge Teacher X to be a “"Rule Model Teacher.” Instead, it is
possible to examine the transcript with?ut making such a judgment, and de~
tect the evident consequences of Teacher X's use of any one of the models.

Preclse classification of some portions of episodes was hindered both
by a paucity of identifiable features, and by the lack of any procedures for
quantification in the analytical scheme. In all such portions, classifica-
tion was finally'achiéved: but in some it required lengthy argument. (A
consequent disadvantage of the scheme 1s that it could not be used for an
instant analysis of lessons, thereby limiting its use for purposes of class-
roomvsupervision. Undertaking a comprehensive analysis requires a consider-
able amount of time, and the product 1s almost as long as the original les~
son transcription.) The following instances are discussed to clarify diffi-

culties in resolving gsome of the problems encountered.
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Episode 8 in Teacher W's lesson (L.32 [p.A12] to L.9 [p.Al4]) is iden-
tified as Impression Model teaching, despite the presence of some Rule Model .
features (notably the justification for the use of iodine). In order to .
derive this idenEification it was necessary to analyze the justification per
se, rather than merely acknowledge its presence.

Difficulty was experienced in analyzing a section on page A27 (LL.10-13).
Here the teacher names the odor (L.13) without explicit justification from
the students' observations. This statement cannot therefore be attributed
properly to Rule Model teaching. The student's response (L.12) can be inter-
preted in one of two ways. Either it is a report of an observation, namely,
that a smell was evident; or it is a response to the teacher's preceding
statement, to the effect that another sense is "sense of smell." If the
latter is the case, and the response was prompted by the teacher's statement,
then the student could be providing new information, which would suggest
that the teacher's statement is an Insight Model cue. Alternatively, the
student could be recalling information given in a prior lesson, which would
imply that this section is more accurately described as Impression Hodel
teaching. The presence of other recognizable features would facilitate solu-
tion of this problem. As it is, the analytical scheme in its present form
cannot be used Lo solve the dilemma satisfactorily. The present analysis
iz insufficient here.

The analysis on page A36 demonstrates the difficulty in determining
what may be taken legitimately to constitute the provision of evidence.

Some quantification within the analytical scheme might be of help, but it

is unlikely that statements referring to experience can be quan?ified both
meaningfully and comprehensively. In this part of the discourse, the prob-
lem is one of establishing the sufficiency of the mentign of Sunlight soap
(L.15) as constituting evidence, and of determining the probability that
the referenced phenomena are visible or potentially visible to the students.
If this were established, one could then determine whether this reference
constitutes the provision of evidence. The response of one student (LL.17-18
[p.A36]) cannot be interpreted as acknowledging familiarity for the whole
class. Neilther does an acknowledgment of familiarity with the soap guaran-
tee that the student is familiar with the drying.out of the soap. To look
at a bar of soap is not necessarily to observe the bar drying and becoming
hard; this requires that observations be made at appropriate times and

under appropriate conditions.
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A similar problem occurs In the analysis of an earlier portion of the
same lesson. On page A2 (LL.l4-20) the teacher makes a reference to some
physical characteristics of ice. Again, the phenomena refgrred to are prob-
ably within the experience of the students. But without polling the class
it is not possible to assert that the reference constitutes evideﬂce for all
of the students.

In both these instances, the students are obliged to rely upon the
reported observations of the teacher. Thus one could state that this is
the provision of evidence from guthority. Unfortunately, this would require
the writer to assert that the students regard the teacher as an authority
in the knowledgeable sense, and not in the sense of one having the power to
influence thought, opinlon, or action. It 1s not possible to detect which
1s the case. The analytical scheme is deficlent in these and similar
instances.

Thus the analytical scheme has been used with some success. But the
discussions above illustrate that it 1s unsatisfactory in the analysis of
some portions of the lessons. Some of the problems might be minimized by
developing a more detailed analytical framework from which the scheme could
be derived. Such a framework would have to incorporate at least a more

thorough analysis of what constitutes evidence.

Implications snd Consequences of the Use of the Modals

At this point 1t 1s possible to take note of a few implications and
consequences which are derived from the theoretical considerations of pre-
vious chapters, and from the analyzed lessons. The evidence 1s limited, as
is characteristic of a case study.

Mention has already been made that the Impression and Insight Models
do not represent sclence accurately. The misrepresentation of science was
assoclated with the teaching of a paradigm without indicating the nature of
the paradigm. This omission has possible implications. Within the analyti-
cal scheme, misrepresentations of science are described as “the presentation
of postulated entities as observable entities” and "the presentation of
inferences as reports of observable phenomena.' Such misrepresentations
are exemplified by statements in the analyzed lessons--for instance: "The
fluoride ion has one moré electron than protoms . . ." (LL.6-7 [p.A5]), and

", . . the atoms . . . have formed new and different partmerships" (LL.32-33

38




-

fp.A32]). These statements have forms similar to those of statements
describing phencmena, gych as: "This car has two more pi~tons than wheels"
and "The artist formed new and different designs.” The accuracy of the
second tWo statements could be determined by direct observation. Presumably,
the accuracy of the first two statements could be determinable in the same
way since they have similar forms; this implies that the entities referred
to are observable. But lons, electrons, protons, and atoms are not observ-
able, for their existence 1s postulated only. If students are provided with*_
such statements alone, they might believe that the entities are observable."
Consequent ly, there would be no logical grounds for questioning their use

¢8 explanations of states-of-affairs.

There appear to be at least two further implications of misrepresenting
sclence in this way. First, it could result in an incomprehensible contra-
diction. For instance, a student might be told that light consists of par-
ticles, then he might be told that light consists of waves. If he 1is not
assisted in the resolution of this contradiction, he would be obliged to
mistrust his experiences or the experiences of others. The apparent contra-
diction is reconciled if the statements are rewritten so that the distinc-
tion between postulated and observable entities is explicit, thus: "Certain
behaviors of light may be explained by considering it to consist of particles
(waves)." 1In this way the student has provision for understanding that the
phenomena are not disputed, but that the explanations of the phenomena are
disputable.

The second implication refers to the way in which misrepreseﬂtation of
sclence could distort the history of sclence. If a student is taught that
some atoms are capable of undergoiné fission when previously he learned
Dalton's atomic theory, then he is given grounds for doubting Dalton's
intellectual competence. It seems Ilmportant for students to uﬂderstand
that Dalton developed.an explanation which was satisfactory for the phenomena
he observed, and that more phenomena are observed now, which require differ-
ent or more complex explanations. Since the teaching of sclence by the
Rule Model 1= assoclated with an accurate presentation of sclence, the
teacher would not be responsible for this type of distortien.

Significant lmplications of using the models may be derived from the
ways in which teachers permit students to respond. It has been found in
this study that the Jmpression Model provides for no overt response other
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than the recall of information. Accurding to the Insigut Model, students
respond in ways determined by teachers' cues. In neither of these models
are students permitted to question imparted information. An attribute of
the Rule Model 1s the provision made for students to make judgments, and
for their judgments to be respected. Teaching éﬁcording to this m;del per-
mits students to question the accuracy of information they are given.

Two examples are included here to illustrate differencet in the ways
students are permitted o respond. The different reactions of teachers to
student questioning are partly responsible for the identification of these
portions of the lessons as representative of different models.

The first example commences with the objection raised by Julie (L42
{p.A30]). Here she is questioning the attributes of chemical and physical
cﬁanges; and she implies that the points made by the teacher are not exclu-
sive. Her objection is honored, and the teacher performs a demonstration
which ylelds further evidence. This section is identified as Rule Model
teaching.

The first example is to be compared with the second, in which a student
attempts to answer a question concerning which substance may be used to re-
duce lodine. In this episode (L.30 ([p.Al7] to L.37 {p.Al8]), the student
provides an answer which 1s rejected by the teacher. The student provides
reasoning to support his answer; but the teacher falls to justify its rejec-
tion. finally, the student is interrupted by the teacher's irrational asser-
tion (L.27 {p.Al8]). This episode is identified as Impression Model teaching.

Scheffler points out that the Rule Model makes provision fer certain
rights of students to be respected. He states:

What is in point here is simply the autonomy of the student's judgment,
his right to seek reasons in support of claims upon his credibilities
and loyalties, and his correlative obligation to deal with such reasons
in a principled manner.l

Determining whether ot not these rights should be respected requires consid-
eration of phllosophical issues which are outside the scope of this paper.

Some Concluding Remarks

The two analyzed sclence lessons illustrate that the concept of teaching
has at least three distinct manifestations, which are described by the three

1Scheffler, "Philosophical Models," p. 141.
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philosopnical models. 1In the two lessons the students are undergoing
experiences which are different apart from the material being pfﬁéZnted and
its different levels of conceptual complexity. The study has enabled some
of these differences to be documented. There are differences in presenta-
tions of secience, in permitted intellectual response, and in support pro-
vided for the teachers' assertions. However, there is no doubt that both
Teacher W and Teacher.x are engaged in some form of teaching.

Teaching according te alternative models seems to have consequences
other than the Information which students are to learn. There appears to
be a need for some method whereby these consequences could be documented
more precisely. Prior to this, some revision of the analytical scheme In
the present paper might assist in the elimination of some of the problems
noted in its uyse. Then the study could be used as a component of teacher
education, so that teachers-in-training might be alerted to different phile-
sophical models of teaching, and to some of the consequences of their use.
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TEACHER W

GRADE 13. CHEMISTRY (FIVE-YEAR STREAM)

Teachert Let's take a look at
problems one to six. HNumber
one. Does anybody have the
answer, or if nobody has the
answer does anybody have a
problem? (Pause--students
opening books, etc.) If
you're going to write the
electronic configuration
for the fluoride ion, neon
and the sodium ion, what
will they look like?

Student: 282 2p57?

Teacher: 2s% 2p5 we've had
befpre that . . . N

Student: Oht 1s2 . ..

Teacher: 1s% 28% 2p5. And
what will that be?

Student: Fluorine? -

Teacher: That would be the

fluorine atom, eh? And so
the fluoride ion? (There is
a pause--~a few indistinguish-
able mumblings.)

Student: Six.

Teacher: Six. WNeon? Lels,
since you're doing so well.

Lols: It will be . . . er . ..
1s2 . . . 282 ., . 271

Teacher: Just neon--not the
neon positive ion.

Lols: Uh . . . just a six.

Teacher:
Oscar?

And finally sodium?

Uhm, . . . be er, 1s2
. .er .. .2p% and er
(Teacher writes these

Oscar:
282 .
3sl,

45

LESSON 1

Episode 1. LL.1-8 (p.A3): INSIGHT,
with an exception yhich 18 noted. The
representations of electronic structure
are postulations derived from certain
abstract principles, e.g. Schrodinger
Equation, Aufbau Principle, and Pauli
Exclusion Principle. The relationship
of those representations to states-of~
affairs 1s not explicated; neither 1s
there provision in this lesson for
these representations to be justified
as suitable representations of states-—
of-affairs. At this point, there 1s
no means for determining if such pro-
vision was made in a previous lesson.

In this episcde the students use the
logical-analytic procedures yhich are
prescribed by the above-mentioned
principles, and determine the struc-
tural representations of the ions.

LL.13-18: The incorrect responses
suggest taat the relationship of the
postulated specles to the structural
representations is not fully understood.

L.20: The teacher continues to ask
for the structural representation of
the ions and atoms. At this point he
has not emphasized the procedure by
which the students could determine the
representation of the ilon by krowing
that of the atom. This may have been
emphasized in a prior lesson.

Lols' response suggests that the logical-
analytic procedure is not fully understood.

LL.30-31: The teacher provides a cue
which does not explicate the difference
he apparently intends to elicit. Lois'
response may imply that the procedure
has been given 1n a prior lesson.

Oscar gives the configuration for the
atom, whereas in L.l1ll the teacher asked
for the configuration for the ion. This
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structures on the board.)

Teacher: . . . and 38! for sodium,
so the sodium positive ion,
Oscar, will be what? (Pause--

a student says something.)
Oscar 's definition is what we're
after.

Student: We could just forget
about the 3sl, and . . .

Teacher: Okay. So, what can you
say then about these three
specles? Tom?

Tom: Same electronic structurs.

Teacher: And what word, we
haven't used the word very
much--just terminology, but
what word do you apply when
three species of particles
have the same number of elec-
trons? 1It's sald to be what?

Student: Iso-electronic?
Teacher: Yeh, so that's just
for information. Now. Then

they ask you what would the
three of chloride negative,
argon, potassium positive, you
can take a look at these and
see 1f they follow the periodic
table pages 17, 18, 19. And,
er, bromide, krypton, and
rubidium positive. Now how do
thelr configurations compare?
(Pause--teacher calls on a
student.)

Student: They'll be the same?

Teacher: The same, and again,
what will be the only differ-
ence between the fluoride ion,
which is 282 2p®, and the
bromide ion? (Pause) The
chloride--the fluoride
rather--is this what would

46

may be the result of the teacher's
ambiguous question in L.33 p.A2.
The teacher could mean either the
sodium atom or the sodium ion.

L.10: The teacher requires the
students to note the similarity

of the derived sfructural repre-
sentations. Tom makes the desired
connection; his response is to be
term%d INSIGHT response.

LL.14-23: IMPRESSION. The recall
of previously given information is
typically assoclated with IMPRESSION
teaching.

L.24: INSIGHT continues. The same
logical-analytic procedures are to
be used, under the same conditions,
to determine the structural repre-
sentations of other postulated enti-
ties. There 1s no empirical refer-
ent, although this may have been
given in a prior lesson. Nor 1s

.there any attempt to distinguish the

postulated entities from observable
entities.

L.35: This response is tentative.
The feacher indicates that it 1s cor-
rect, but provides no justification
for its correctness.

L.37:
The difference which he appears to
require is in the numbering of the
's' and 'p' orbital representations.

The teacher uses the word "only."
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Teacher:

Rick:

Teacher:

Rick:

be the chloride, as far as
valence electrons? Chris?

Chris: 382 3p5,

Teacher: 3p®. And the
bromide ion?

Stﬁdenc:. 482 - 4p®, or . . .
Yeh, that’s right. (Some

students agree.)

Okay. That's question
nunher one. Now a question
down there along the line
someplace, says: since these
all have the same number of
electrons, then Wwhy don't they
have the same sizes? And, we
can take a look at the rela-
tive sizes of fluoride ion,
neon atom, and the sodium ion.
So 1f you'll just take & look
then. This is the neutral
fluorine atom, this is the
fluoride ion, the neon atom,
neutral sodium atom, and then
the sodium positive one ion.
(The teacher is pointing to

a chart entitled "Relative

.S1zes of Atoms and Ions in

the Periodic Table.') Now why
does the sodium positive.one
ion differ from the neon atom,

" which again differs from the

fluoride ion? No idea? Rick?
(Rick makes some response.)
Well, what was it?

You’re talking about the
fluorine, the neon, and the
sodium . . .,

Right.

Um, fluorine has um, one
less proton.than it does . . .
fluorine negative has one

less proton than electron;
neon has the same number of
protons, sodium has one

more.

A4

Chris' response and the response in.
L.6 indicate that the students have
understood the logical~analytic pro-
cedure. TheSe responses are consld-
ered as INSIGHT responses, for they
demonstrate correct interpretation
of the cue (L.1~2), and correct use
of the logical-analytic procedure.

Episode 2. LL.10-37 (p.A5): This
episode to L,45 is identified as

47

INSIGHT.

There 18 no reference to the paradigm;
thus the differences 1n sizes of the
“postulated entities are presented as
observable phénomena.

There 1is no explication of the infer-
ences which lead to the determination
of the sizes of the specles. The stu-
dents might assume from this portion

of the dialogue that the sizes are
measured directly. It is possible that
the determination of the sizes has been
discussed in a previous lesson.

L.28: In this portion the teacher has
provided no information from which the
students may answer this question.

This might explain Rick’s statement in
L.35. "Also, the question 1s similar to
the one asked in L.37 p.A3. One might
infer that the cuelng is insufficient
and consequently 1s misleading. The
logical-analytic procedures for relating
the variation of size to the position

of the atom on the Periodic Table 1is not
explicated in this section (LL.10~34).

Rick is either recalling information
concerning the postulated structures

of the specles, or he is working to-
ward the solution of the question by
first stating some differences. The
teacher interrupts him, possibly be-
cause Rick 1s not providing the intended
response concerning the variation in
slze.
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Teacher: Number of protons in
the nucleus is 9, 10, 11;
glve off an electron in one
case, gain an electron in the
other case, so in this case
the fluoride ion has one more
electron than protons and se
hence the hold isn't so great
and they can spread out. And
the sodium ion has one more
proton than electrons, the
pull is quite a bit greater
so they come together. HNow,
that answers question number
six. AQuestion number five
does anybody have? (Pause)
The bond lengths of these
four molecules. (Long pause.)
Okay.
SiBry, and S1I4 and what about
their bond lengths?

Student: 1.88 for SiFy,. And,
er, 1.71 for . . .

Teacher: 1.71?

Student: 2.15.

Teacher: 2.15. They have to
get larger. The covalent

radius 1is larger for the
chlorine.

Student: and, er, 2.30.

Teacher: Is that right?
(Student: Yeh) And the
next one?

Student: 2.49.

Teacher: 2.49. Okay, you

all see how they're done?
Now, this is a1l they ask

you to do, but mavbe we

can do a little bit more.

If vou're going to experiment
to determine these things,
then how would you predict,
1f you can recall what we
taiked about the other day,

So you have S§iF,, SiCl,,

AS

LL.1~-36: IMPRESSION. 1In this portion
the teacher provides the logical-
analytic procedure for relating the
inferred size of the specles to its-
postulated structure. The expianacion
for the variation in size is an in-
stance of inferences of a paradigm
being presented as reports of observ-

*able phenomena with no explicit refer-

ence to the paradigm. The students
are not privileged to any substantia-
tion for what the teacher asserts to
be the case.

1L.22-25: The values have been cal-
culated in a previous homework assign—-
ment. There is an example of this
type of calculaiion in the textbook.
The example uses the carbon compounds
of the halogens. This might explain
Lols' response in L.6 p.A6.

L.26: The assertion of the teacher
1s the only source of support for
this statement in the present dialogue.

LL.35-36: One might infer some sig-
nificance from the lack of response
to this question; or it could simply
be that the teacher does not allow
time for the students to respond.

Episode 3. LL.37-6 (p.A7): IMPRESSION.
L.44: This statement Indicates that

the students are to reczll information.
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Lois:

Teacher:

Student:

Teacher:

Student:

Teacher:

how would you predict they
would correspond to the
gctual exparimental bond
lengths? (long pause}
Lois?

They react quickly in
the carbon, the last two-~
er--they're closer and the
first one is way off, because
(Teacher: Okay) they had

“lonic bonds.

Let’s take a look.

(He writes up some values.)

The experimental bond lengths

of these--er—-so. Lols sald

that as you go down them,

what you predicted would be

that the difference would de-
crease as you go down, or in-
crease--or as you go down the
group, eh, in the periodic table.
And, we tried to explain it the
other day. So, do we have an
explanation for it today? Why
should the difference be greater
with the fluoride, or the silicon
fluoride rather, than the silicon
lodide, just take the top and the
bottom. (Long pause) Don't know
why 1it's so difficult. Yes?

Because, there 1s more of
an electron shift, because it 1s
held closer together?

Right. This is . . .
Because, there's stronger
bonding in the . . .

The ionic nature increases
as you go up here eh? And there's
more ilonic character of the bond,
then the closer they are (Student:
Yeah) or the further theyare away
=~then--the greater the strength
of the bond, then the closer

they are, and the further they

are from the calculated values.

49

Bonds are postulated entities; here
they are presented as something real
or "actual™; there is no reference to
the paradigm which permits this. No
attempt is made to explsin the infer-
ences uged In the determination of
"bond lengths.” This may have been
discussed in a previous lesson. The
question asked of Lois 1y for recall;
thus it is recognized as an 'IMPRESSION
question. Lols' response is unclear.

" She may be referring to ths example

cited in her textbook. This has been
suggested in the analysis opposite

L.21 p.A5. (The values of bond lengths
are reproduced on p.A7.)

Both sets of data are derived from a
numb&c of inferences which are not
explicated here. The teacher presents
the experimental values as if they are
direct observations of states=—of-
affairs. This implies that the bonds
may be seen and that their lengths may
be measured.

L.23: The question appears to be one
which elicits the recall of an explana-
tion given previously; therefore it is
an IMPRESSION question.

L.31: The student refers to an explana-
tion as a report of an observable phe-
nomenon. The use of "it" is awbiguous,
referring to the fludbride or the lodide.

L.34: The teacher condones the ambigu-
icy Of lli't.ll
L.35: The student is not permitted to

complete his reczll of information.

LL.37-45: .MPRESSION. The teacher's
explanation’is based on the postulates
"fonic character" and "bond strength."
These are not distinguished from
observable entities; neither does the
teacher explicate the arguments which
connect the two postulated entities.
From L.22 one .could infer that this has
been covered in a previous lesson.
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Teacher:

Right?

(On the board: calculated
'51F, ' 1.88
SiCly 2.15
S1Br,, 2.30
Sily 2.49

Now really, I'm serious,

I hope that you people

get going for the next
chapters, nineteen and
twenty. Because, if not,
you may not write, but
you're going to end up

with fifty-eight per cent
inatead of what you should.
be getting. So, anyway,
let's go on to section two,
and I think, we can best do
this by looking up appendix
three!--the oxidation poten-—
tials, for one molar concen-
trations. (Long pause) As
a starting point, will you
find the four halogens' oxi-
dation reactions, and give
me them in order of their

E? values. Which is the
firast pne you come to on
this list? That's the stan-
dard oxidation potentials--
appendix three. Judy?

Judy: Iodine.

So, the first one
you have is the ifodide ion
going to iodine. Then, way
over on the other page, down
near the bottom we have
bromide going to bromine;
right below that fluoride
going to fluorine. (He
writes the half-equations

on the board.) These are

-the table.

experimental ~
1.59
2.01
2.15
' 2.43)

(LL.7=-16: These statements are identified
as Group 2 statements. A student who at~
tains satisfactory standing in the first

two terms may be exempted from writing the

final examination. In these cases the ~
year 's mark ls partly dependent on the
student’s ciasswork in the third term.
This lesson occurred iIn the third term.)
Episode 4. LL.16-8. (p.A8): 'IMPRESSION.
The students are to read the table and
identify the position of the halogens in
In this lesson-'there is no
attempt to relate the data (li:'J values)

to states-of-affairs. It is implied tnat
the equations truthfully represent states-
of-affairs. There is no explication of
the logical procedures which are used to
construct these representations, and by
which they are found to be useful.

L.32: Judy identifies the position of
iodine in the table. This is to be con-
sidered as an IMPRESSION response, for
she iz relating information which is
available in the table.

’lThe pertinent parts of this appendix are reproduced on p.AZ2.
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the values: for iodine,
T =~ ,53 volts; for fluorine,
-2 .87 volts; for bromine,
-1.06 volts; and what's
chlorine? ..
Student: -1.36. i
Teacher: (Writes the values on

the board.) Now, looking at
these things we should be able to
talk about the,relative oxidizing
strengths then, of the halogens.
And what can you tell me about
the relative oxidizing strengths-
of these various halogens? June?

June: They're increasing as you
go down. '
Teacher: This increases as you

go dowm. Now, what would You
say about fluorine? Mark?

Mark: It's the strongest oxidiz-
ing agent. -

. Teacher: . It's the strongest. Can

you find anything on this table
which could reduce the fluoride
ion to fluorine? Could you try
to pick out something for me
which will reduce fluoride to
fluorine? (A student remarks.)
Pardon?

Student: Anything.'

Teacher: Anything? If fluoride

ion can be oxidized to fluorine
by anything . . .

Student: Oh! Wait now . . .
(some comment)

Teacher: 1It's at the bottom of
the 1ist, and therefore as
far as the list is concerned,
and this is all we're concerned
with, this is pretty universal
anyway, er . . . the fluoride ion
cannot be oxidized to fluorine,

L.6: This information i8 related
from the table. This response is
termed an IMPRESSION response.

~Episode 5. LL.8-9 (p.A9): INSIGHT.

The intentions of this episode appear

to be first, establishing a relation-
ship between "relative oxidizing
strength" and the position of the

species in the table; second, determin-
ing which species oxidizes which other -
species, according to their relative
positions in the table. -The postulated
entities used in this episode are al-
ways presented as observable entities.

Mark's response is recognized as an :
IMPRESSION response. The information
he provides is clearly stated in the
table.

1L.22-28: These questions require the
students to use a logical-analytic pro-
cedure wvhich is not explicated here--
that is, how the table might be used

to find a species which will reduce the
fluoride ion. INSIGHT appears to be
intended; but the cueing is minimal.

1.30: The student's response is incor-
rect. At this point the teacher does
not explicate the logical-analytic pro-
cedure which he wishes the students to
use.

1L.36-9 p.A%: The teache. explicates
the logical-analytic procedure to be
used. He uses one example to show that
substances will oxidize those that ap-
pear above them in the table. It is
useful to note that the teacher is begin- .
ning to stress the importance of position

51 -
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according to any substance on
this list. We haven't found
any substance on this list
that is a strong enough
oxidizing agent to ozidize
fluoride to fluorine. So we
have, in the case of rluo~

. rine, we have the strongest
oxldizing agent. What would
you say about the relative
strengths of chlorine and
bromine? (Pause, teacher
names a student.)

Student: Er, chlorine is a
much stronger - er, than,
er, bromine.

Teacher: Well, I don't know.
We're talking about oxidizing
as concerned, would you say
it's much stronger?

Student: No it's . . . er . . .
more, yes, pretty strong.

Teacher: Just qualitatively,
forgetting about E? values,
as you lock at the table,
the positions of fluorine,
chlorine, and bromine, what
would you say about them?
Fluorine is the strongest
oxidizing agent. Carol?
What would you say about
chlorine and bromine just
qualitatively, you don't
have to say . . .

Carol: Well, they're less
of an oxidizing agent than
fluorine. ’

Teacher: And?
Carol: Well, therefore, there's

going to be more oxidizing
than by . . .

Teacher: The negative ion
is golng to be more easily

A9

in the table, without reference to the
specific E? values. E? values are
measvres of the postulated oxidizing
strength, and are compared to that of

"hydrogen. Hence, the rank order of

the specles is of little importance.

Episode 6. LL.9-8 (p.All): INSIGHT.
This episode is characterized by the
presentation rf postulated entities as
observable entities or phenomena. The
teachsr uses cues fo elicit information
from the students. The intent appears
to be that the students understand the
use of the table. The teacher relies
on the rank order of the species in the
table; thus tlie cueing may be judged
irrelevant.

L.i5: The response "much stronger" can-
not be judged correct or incorrect with-
out reference to specific £ values.
L.17: The teacher indicates that the
previous response ‘was lncorrect.

LL.23-28: It is meaningless to forget
about the EP values, and attempt to
qualify the oxidizing strengths. The
cueing may be judged irrelevant; in
addicion, there are no procedures which
would precisely determine which descrip-
tion 1s most appropriate.

Carol responds correctly. She appears
to be using the logical-analytic prcce-
dure involving rank order in the table.

L.38: The response intended by this
question 1s unclear. <Zarol appears to
be rewording her original response.

LL.42-1 p.Al10Q: This reference to a
negative ion 1s ambiguous; the negative
ions of all the specles aré provided

in che table.
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oxidized. Just qualitatively,
what would you say about the
oxidizing atrengths or capa—
bilities? Just foom the
table, Judy?

Judy: You could say they're
pretty much the same.

Teacher: And what relation to
other substances? (Calls on
a student.)

Student: They oxidize just
about everything.

Teacher: So, therefore, what
would you say about thewm?

Student: Well, they're very
strong . . .

Teacher: Very strong. Okay.
“What about iodine? What
would® you say about iodine?
Where is it on the table?
Where?
[ P
Student: 1It’s about- half-
-
way between the zero point
of Hy and the bromine.

Teacher: Suppose you say
about its probable oxidizing
strength . . .

Student: Well, (unclear)
it ls - - -
Teacher: According to everything

else, it’s the weakest oxidizer
of these halogens, but relative
though to these others . . .

Student: Well it’s very good.

Teacher: Very good? Okay.
What might you say, what word
are we going to use?

Student: Medium?

53

LL.1-4: This cue maz be judged
irrelevant because E'Y values are
not expressible in qualitative
texYms,

Judy’s response appears to be an
INSIGHT response. She is using the
logical procedure concerning the
position of species in the table.
In fact, E0 values permit one to
distinguish betveen the relative
oxidlzing strengths of bromine and
chlorine. -

L.11: This resporse is recognized as
an INSIGHT response. It usez a logi-
cal procedure which was developed
earlier, on p.A9.

L.17: Earlier (L.8 p.A9) fluorine

was described as the strongest oxidiz-
ing agent. The E0 values indicate

that the strength of fluorine is twice
that of bromine. The question concern—
ing iodine is a further example of a
cue which may be judged irrelevant.
L.22: 1t appears that this student is
using E® values.

LL.25-38: In this portion the students
are to find a word to qualitatively
describe the oxJdizing serength of
iodine. There 1is no provision of a
logical procedure by which the students
could find the word that the teacher
requires. Consequently, the responses
of the students may be considered as
guesses.

L.34: with the information available

to the students, this response is wvalid.
L.35: The teacher acknowledges the re-
sponse but it does not appear to be the
one he requires. No logical procedure
is offered.

L.38: This response appea" « to be valid.
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Teacher: Medium or moderate
agent. Because, really it's
not all that far from half-
way in that table, when you
get to it. 1It's above some
metala--not very many--but
above some. It's a moderate
oxidizing agent, what about
the ifodide ion? Iodine is
& moderate oxidizing agent
« « « the itodide ion, what
would you say about it?

Student: Would it be a moder=-
ate reducing agent?

Teacher: Would you pick out
‘acmething that would oxidize
the iodide fon? Anything

that would oxidize the iodide

ton . . . Craig?

Craig: H,0,.
Teacher: H;0,, where did you
find that?

Craig: Right underneath.

Teacher: Right underneath.
Does everybody agree with
that? (Pause) What's wrong
with that answer? (Pause)
First of all, is he looking

in the right place? (Student:

Oh.) Should he be looking
below? Um? Should he be
looking below or above?
(Calls on a student.)

Student: Above.

Teacher: Why?

Student: (Response unclear)
Teacher: Yeah, that's right.

But we're looking for

something to oxidize the
itodine. So he should be
looking below. But, you

All

54

- experience.

L.1: The teacher aupplies the desired
word. He ,uatifies ita use by virtue
of the poaition of iodine in the table;
he doea not refer to the E? values.
Consequently hia justification appeara
arbitrary, e.g. "not very many."

%

Epiaode 7. LL.9-32 (p.Al2): INSIGHT.
In thia episode the studenta uae a
logical-analytic procedure which re-
latea oxidation and reduccion to the
rank order of apecies in the table.
L.13: Thia response suggeats that the
atudentaare familfa» with the logical
procedure which finda oxidation to be
the reverse of reduction.

L.15: This cue acems to intend that
the atudents use tha logical-analytic
procedure concerning pasition of the
species in the table.

Craig may be basing his response on
Bydrogen peroxide is known
as an oxidizing agent, and one needs

to know nothing about £% ¢o say so.

LL.24-33: The teacher provides many
cues for the students to correct Craig's
error. The cues relate to the position
of the species in the table. Logically,
there are ouly two possible answers to
the question posed in LL.31-32. For
these two reasons the cueing might be
judged irrelevant.

L.34: One of the possible answeyrs is
given.
L.34: The teacher's response might be

taken to imply that this answer wus
wrong.

LL.37-41: The teacher explicates the
logical-analytic procedure that a species
will be oxidized by those appearing
below it in the table.




r

10

20

25

35

40

just don't look below.

Student: But on the other
aide of the table.

Teacher: Should be looking
on the other side, because
the reaction that 1s shown
here 1s the oxidation of
hydrogen peroxide; so what
should you use then? If
you're going to use that
example? Rick?

Rick: 0 gaseous plus 2H.

Teacher:' Which 1is what?
Oxygen and what?

Rick: And acid.

Teacher: "In acld solutiom,
okay. What else'might you
use? Well, you've got the
whole table now. Shirley?

Shirley: Mercury?

Teacher:

to reduce ilodifie? (Pause)

What would you use to reduce

iodine? Could do this (un-

clear) in your sleep.

Alfred?
Alfred: Copper.
Teacher

metals above the Iz/iodide
half reaction. Now, the

point though, the main point

of this chapter is that

iodine 1s a moderate reducing

agent or moderate oxidizing
agent. The lodide ion Is a

moderate reducing agent, and
hence there are many substances
which can oxlidize the ilodide

ion, and there are many

Mercury; positive two
ion, eh? It would be the ion.
All right, what would you use

Copper; or any of the

Al2

L.1: This cue has only one response.
L.2 Spatially, this is the only re-
maining possibilicy. Thus one cannot
infer that the response indicates an
understanding of the logical procedure.

LL.4~8: The teacher assumes that the
above response implies an understanding.

L.12: Rick reverses the equation given
in the appendix. This indicates that he
knows it must be reversed; but he may not
know why. The logical~analytic procedure
explaining this has not been given.

. g e,
L.13: This question appears to be for
recall. The teacher assumes that the
symbols adequately represent states-of-
affairs. This may have been demonstrated
in a previous lesson.

1LL.18~19: The loglcal-analytic procedure
for using the table is now stated, with-
out reference to E” values. Neither is
it emphasized that the specles must have
an E? less than that of iodine. The cue-
ing might be judged irrelevant. This
might explain why Shirley suggests "mer-
cury” instead of the "ion of mercury.”

LL.25~32: The provision of a further cue
enables Alfred to respond coryectly.

In L.30 the teacher finally detalls

the logical-analytic procedure which he
has been.deriving with the students.

Episode 8. LL.32-9 (p.Al4): IMPRESSION.
In this eplsode there are some features of
Rule Model teaching. The justificatiom
for denoting the eplsode as IMPRESSION is
detalled below. The teacher 1s preomoting
the use of 1odine in quantitative analy-
sis; he justifies its uge in two ways.
First, iodine may be considered as both a
moderate reducing agent and as a moderate
oxldizing agent. Second, the presence of
free lodine 1s readily detectable. The
previous part of the lesgon was to




10

20

25

30

35"

40

45

Student:

Teacher :

substances which can reduce

the lodine molecules to lodide.
And 80 you end up with a very
useful tool or operation in
quantitative analysis, called
lodimetry; and this 1s just
based on the fact that the lo-
dide ion 18 oxidized moderately,
or by quite a few substances,
and the lodine molecule is
reduced by several substances.
If it were just for this fact
alone, then thig would be noth-
ing special. What do you know
about iodine? How can you
detect 1t? This 1s for the
biologists. How do you detect
the presence of iodine? In
blology you use it the other
way round.

Um, uge starch?

Use starch iIndicator,
it's a very, very sensitive
indicator either one way or
the other. It's a very
sensltive indicator in the
presence of starch, very low
quantities. Or 1f you use
starch 85 the indicator, it
shows the presence of icdine
in very small quantitles. So
this 1s one reason you can
very easlly see or detect

the presence of iodine. And,
we are golng to try to go
through a little quantitative
analysis here, just to see,
80 you can see what we mean.
But anyway, this 1s one
reason why you use this fact
that lodide 1s easlly oxidized,
lodine ig readily reduced,
because we can detect, we

can oxidize the lodide to
lodine and we can detect

the presence pretty easily.
And also, there aren't very
many side reactions, quite
often you will try to do

Al3

establish the first reason. It 1is dis-
putable whether or not this is satis-
factorily established; no empirical
referents were provided; and the logical-
analytic procedures leading to this
determination were hased on the rank
order of specles in the table, not on
their EO values. (The latter has been
discussed in the analysis on p.A8.)

L.2: The teacher implies that the pro-
cess named reduction actually occurs to
the postulated iodine molecules. A sim-
ilar misrepresentation of a postulated
entity as an observable entity 1s evi-
dent in LL.8-11l.

L.16: The teacher Introduces an empir-
ical referent. This phenomenon is com-
mon; thus one may judge that it has
potential visibility to the students 1f
they have not previously observed it.

L.21: This response appears to be a
recall of previous information; this is
termed an IMPRESSION response.

LL,35-38: From the remainder of the les-
son it will be seen that to "go through"
means using half-equation rzpresentations
of what 1s said to occur. It does not
nean that any observable phenomena will
be demonstrated.

LL.47-48: The students have no means of
knowing whether or not there are few side
reactions. This justification for using
iodine re'les solely upon the teacher's
authority.
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something and something else
will occur. In the case of
this half-reaction of the
iodide ion and geing to
iodine, we can probably
control the hydrogen ion
concentration failrly well,
since there aren't any side
reactions. So, we'll just go
through a little experiment
here which you will do one
very similar to when you get
to university, 1f you get there,
and you take chemistry (moans)
when you do get there. If
you take a further chemistry
course, you'll probably run
into this.  What you may

wish to do 1z to find the
amount of iron in a sample.
They may have iron (pause),

a certain amount taken, or
this 1is iron ore for the

sake of example. Anyway,
suppose you have a certain
amount of iron, which you'd
like to find or an ore

which you'd 1like to find

the per cent of iron in it.
I'm golng to give you the
firsc atep. You might, firsc
of all, change metallic iron,
into ferric ion. And once
we've done this we're going
to try to see what we can do.
Now, the point is you're doing
a quantitative analysis to
find the amount of iron in
this sample of ore. If we
then take iron and put into
a soclution, say ferric, to
make 1t into the ferric ion,
I would Iike you to see how
we could introduce this half-
reaction to elther convert
the lodide ion to iodine or
the 1odine tec iodide ion. Okay,
i1f you had ferric ion, this
is really all I'm asking, if
you had the ferric ion and
you would like te use that

Al4

LL.5-7: The teacher impliea that a poatu-
lated entity may be subjected to phyaical
manipulation. This would be legitimate
if the paradigm were referenced.

1L..8-9: The teacher now aaaerts that
there are no.slde reactions.

To conclude, despite the presence of jus-
tifications for the use of i1ddine, the
Justifications per ae and the fallures to
distinguish between postulated and observ-
able entities, are considered aufficient
evidence for describing the episode to be
IMPRESSION. 1In addition, the only parti-
clpation by the students iz the recall

of information.

Episode 9. LL.18-23 (p.Al6): INSIGHT.
Apparently this eplsode is intended to
demonstrate the use of icdine in quanti-
tative aznalysis. To do this, the teacher
relies on some of the logical-analytic
procedures which have been used previ-
ously in this lesson.

1L.25~29: The teacher provides the prob-
lem situation. In this eplsode the
teacher does not justi{y his use of half-
equations. It may be that thelr use as
representations of states-of-affairs has
been introduced in a previocus lesson.

L.42: The teacher implies that the postu-
lated entities are actually made oy some
physical process of sclution.

L.45: The teacher implies that an abstract
representation may have a physical effect
which results in the conversion of one
postulated entity into another. As noted
opposite L.6, both of the references to
physical effe *s would be legitimate 1if

the paradigm were mentioned.
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iodide/iodine equilibrium set-up
to produce one, given the other,
which one would you start out
with? Would you add iodine to
this, or would you add iodide
ions? Mark?

Mark: Iodine.
Teacher: Why?

Mark: Well it, because . . .
er . . . you've iodine + « o

Teacher: With the species we
have . . .

Mark: Yeh, right, and that's

positive, so your iodine is
going to be negative, right?

Teacher: Iodine or iodide?

Mark: ' Iodide ion.

Teacher: Iodide ion. Now it's
not just because it's positive
or negative, really. What you
have to look for is the rela-
tive oxidizing or reducing
strengths of these. Where is
this species found on the table
vith respect to the other?

Mark: Well, it's found above it,
that's why the . . , oh, I
mean below 1it. .

Teacher: 1It's found below
it. ’

Mark: 1It's found below it, be-
cause the stronger oxidizing . . .

Teacher: Okay, good.
Mark: That's why you need the
iodine.

Teacher: Right. So if you're going
to use this half reaction . . .
it's not very clear yet but I

. 58

EL.4-6: This question may be judged as
cueing. Mark is required to provide the
answer by using the logical-analytic pro-
cedures which have been established pre-
viously. These procedures are those
which determine which species are said

to be oxidized by other species. This
information may be obtained from the
table of E0 values.*

L.7: Mark reverses this response in L.17,
possibly as a result of the teacher's
question in L.16. Alternatively, the
reversal could be the result of Mark's
explanation in LL.13-15. (The iodide ion
is negative.)

Mark's explanation is legitimate in that
he appears to have accepted the problem
situation as given. That is, knowing-
that the ferric ion and the iodine half-
reaction are involved, Mark may have
realized that-either something happens
or nothing happens. He might guess that
the teacher would not use an example in
which nothing happens for this would be
irrelevant. According to the half~
equation in the appendix the ferric ion
becomes the ferrous ion. This is showm
to be the result of gaining an electrom;
and the electron could be provided by
the negative fodide ion.

1..34: Mark appears to be telling the
teacher that the position procedure
Justifies the use of the iodine half-
reaction; but it does not indicate which
way around it should be used, for this
may be determined otherwise. Conse-
gquently one might judge the teacher's
cueing as irrelevant in this section.

LL.38-3 p.Al6: One might infer this
comment as supporting the claim of ir-
relevant cueing.
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hope 1t will be in the
end when we look back
over it . . . If you're
golng to use that half-
reaction somehow, the only
way you can use it 1s to
add iodide ion, eh? So,
then you might add some
iodide ion in the form of
. potassium fodide or what-
ever the solution, and now
you have set up the condi-
. tion where you have ferric
ion amd iodide ilon; and
what 's going to happen?

Student: They're going to
come to equilibrium.

Tsacher: And what are you
going to have at the end
of the line?

Student: You're going to have
+ + » & + . . lodine, and
+ « . 8 . . . ferrous ion.

Teacher: (Writes equation)
Okay. Now can anybody bal-
ance that real fast for me?
Start off by putting 2 in
there. (Suggestions from
students.) We need two of
these because you have to
balance charges as well
as atoms, eh? So the elec-
trons gained and lost are
the same. (Equation reads:

2 Fe*3 4+ 2 1° =2 Fe?2 4 1)

What would you do then 1if
you added starch solution
here then? What would you
observe, if you add starch
solution?

Student: The iocdine would
turn . . . um . . . Into
a brown shade.

Teacher: In iodine? What

Al6

- reversing hig position.

LL.3-7: The teacher appears to be

On the pre-
vious page he argued that the posgition
of the ifodine half-reaction in the
table indicated that iocdide ions
should be used. Now he suggests -
that there is only one way to use
this half-reaction. He does not
substantiate his assertion in L.6 by
reference to the theory describing
oxildation as electron transfer.

1.16: The response could have been,
"The ferric ion is oxidized." Hence,
the cue in L.15 is ambiguous.

LL.18-~20: That 1s, on the right hand
side of the equation which the teacher
is writing on the blackboard.

11.24-35: Presumably the procedures
for balancing chemical equations have
been explicated in a previous lesson.
Here there 1z no attempt to justify

the use of these symbols as representa-
tions of states-of-affairs.

Episode 10. LL.36-29 (p.Al7): TMPRESSION.
The questions in this episcde seem to
intend recall of information.

LL.38~40: There 1s an assumption here
that I, represents lodine in this solution.

LL.41-43: The gtudent could mean the
brown color of ilodine solutions. The
intended response may be recognized as
a recall of information. Thus, it is
to be termed an TMPRESSION response.

59
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happens? You get that dark,
mnidnight blue, almost black,
blue=black color when lodine
is present with starch.

Have you never seen that
before? If you add starch
indicator to this you get

a very dark, almost black,
solution. Will that tell
you how much iodine you
have? WNow what do you use,
this is a process you haven't
used much, but what do you
use to qualitatively find
the number of moles in one

_solution? What process
that will operate . . .

Student: Titration.

Teacher: Titration. 8o, what
you might do then, you get
this dark, smidnight blue
color with the starch test,
if you could react chis or
titrate this with something
that used up iodine, then
how would you know when you
had just used it all up?

Student¢ Color is gone.

Teacher: Very good. Now,
what would you choose to
use it up? What type of
gubstance would you choose
to use it up?

Student: Wouldn't you have
to use something less than
iron, so that it doesn't get
reduced at the same time?

Teacher: Well, no. I'm not
doing this here, we take this
away. (The ferrous/ferric
half-equation.) As far as
the ferrous ion, this 1s not
a problem anyway, the ferrous
ion is not goinmg to . . . it's
golng off away of these-~

60

LL.1-4: The teacher provides an account
of states-of-affairs. His question in
L.5 may be an attempt to galn gupport
for his assertion. Alternatively, it

‘could be a rhetorical question.

L.10¢ The students have not been given
sufficlent information to answer this
question here. However, the question
could be rhetorical.

L.15¢ The mole may have been defined

in a previous lesson. It refers to the
molecular weight of the species expressed
in graas.

L.18¢ This response appears to be a
recall of Information. Thus the response
is termed an IMPRESSION response.

L.25: This question is recognized as
an INSIGHT question, for 1t requires
the students to relate what would occur
i1f the lodine were absent.

Episode 11. 1IL.30-37 (p.A18): In this
episode a student challenges the teacher.
From the following analysis one may

infer that the student's objections

are met with IMPRESSION responses. The
analysis includes representaticns to
clarify the chemisty of the arguments.

L.30: That is, to effect:
Iz + e" _’21-
L.34¢ The student refers to the table gof

E? values and suggests that the following
reaction must be prevented from occurring:
ret3 + e~ — ret2

L.38: 1In fact, the Pe*3 has been "used
up" by the addition of iodide ions, as
suggested in L.35 p.Al6. The teacher
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the iodine~-we're not very
worried about this. Assuming
we use all of this up, then
the only way the ferrous ion
can go is to go to ferric, so
we don't break that.

Student: Then, the lodine,
when 1t starts to affect
the reactlon, when you add
more Fet2,

Teacher: If you add more
Fe*2 pyt you've got to
come back, and you're
going ro do a large thing,
and you'll end up with the
iron in there, you're go-
ing to end up with the
same equilibrium.

Student: Yes, but you're
getting rid of the iodine.

Teacher: Yes, but you'd
be right back where you
started again.

Student: You'd know how
puch you'd been adding,
afcter . . .

Teacher: You can't play
around with the same
equilibriue and expect
to get any answers. You
have to go scmewhere else
to get the answer; because,
if you have wore ferrous ion
you're putting more ferric
ion In here, and this 1is
what you're trying to find
in the first place. Okay?
Now, what do you have left,
what type of agent's here
anyway? Llet's just say that,
and I'1l add mwy own agent.

Student: It'll be an oxidizing

agent.

Al18
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falls to explain this. Instead he states

"that there is no problem.

L.3: This assumption is not justified here.
In L.17 p.Al6, the teacher did not deny
the possible formation of an equilibrium.

The problem is to effect the reaction:
I, + e -3 21T

L.8: The student appears to be suggesting
that a2 known quantity of the Fe'< speciles
could be added. According to the half~
reaction this 18 legitimate, for it would
seem to augply the required electron:

—> e~ + pet?d
The student makes his suggestion more
explicit in LL.19-20 and LL.24-26.

-y

L.21: This 1s not the case if "we use
all of this up." (L.3)

LL.27-30: The teacher provides no grounds
for refuting the student's suggestion.

The suggestion 18 incorrect on the grounds
of the E® values concerned. The teacher
makes uo reference to this, nor even-to
the logical-analytic procedure of rank
order in the table. The latter would have
solved the difficuley. It is not used
here, although a previous part of the
lesson Intended to make this point.

4+

Episode 12. LL.38~6 (p.Al19): INSIGHT.

It seems that the teacher wishes the stu-
dents to recognize that the lodine half-
reaction (reproduced opposite L.7 above)

is known as a reduction, and therefore
requires the presence of a reducing agent.

The procedure for recognizing this 13 not
given in this lesson.
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Teacher: No, you added an
oxldizing agent here, this
ig an oxidizing agent. You
want to reduce the iodine
to lodide, eh?

Student: Right, yes.

Teacher: Then, the moag com-
mon Solutien you use is a
thiosulphate solution. Now
you prepare, say sodium thio—
sulphate, you prepste 8 solu-
tion of known concentrstion
sodium thiosulphate snd the
thiosulphate ion is S30372.
And 1if you havejknown concentrs-
tion of solution, you titrated
very carefully snd very slowly
with this iodine, you'd end up
with a new species, and . . .

Student: Iodide 1ons.

Teacher: Iodide lons. And

- when you just add enough
to use up all of the ilodine,
then your blue color dis-
appears and you'd know how
many moles of thiosulphate
you'd used up. So, can you
balance that equation. (Pause)

You could do it a number of

ways. You could do it by

oxidation and reduction,
which would drive you crazy,
we should take a look at
that anyway. What's the
oxldation number of sulphur
in this specles (S2037%)?

(Students: Four, two,

etc.) Two? You've got

two sulphur plus, three -

.time negative two 1s nega-

tive six, that's equal

to negative two all over,

these are. charges on the

ion. So then, your

sulphur 1s positive two

here; and what i1s 1t here

(SqOﬁ-z)? (Students make

geveral suggestions.) Well,

you have three, this 1s
negative--this is charge on
the ion.
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LL.1-5: The teacher corrects the stu-
dent by reference to the reverse reac-
tion which is known as oxidation. Oxi-
dation is generally used to denote the
loss of electrons. To judge the sub-
stantistion a8 suitable one must assume
that the topic hss been discussed in s
previous lesson.

Episode 13. [LIL.7-46 (p.A20): JMPRESSION.

1.9: A justificstion for using this
substance might be obtained from its
E? value. This does not sppear in the .
tsble nor is it provided by the teacher.

L.14: There is no provision for the
students to judge the appropriateness
of this representstion.

L.20: It 1s contestable that this re-
sponse provides new information. The
product of the reduction of iodine has
been stated In L.5. Therefore the re~
sponse appears to be recall. It is
identifled as an TMPRESSION response.

1.31: "Oxidation" and "reduction" are
names representing certain chemical
reactions. They are not procedures
for balancing chemical equations.
1.35: Assigning an "oxidation number”
depends on inferring the oxidation
number of oxygen to be negative two.
Presumably this has been discussed in
a previous lesson.

1.38: The inferred charges on the speciles
are presented as observable entitiles.
LL.46~47: The students are to assign
a number to the sulphur atom in the
postulated speciles using a logical-
analytic procedure. In this lesson,
the use of the specles has not been
justified, The logical-analytic pro-
cedure 1s mathematical. The "charge"
on the specles totals negative two; it
is the result of gixy oxygens having a
"charge" (oxidation number) of negative




420
It's not the oxidation number two, and four sulphur atoms whose
of oxidation. 4&nd this is ' "charge" (oxidation number) may be
the charge on the ion. (& calculated.
bell sounds.)
3 Student: Two and a half? L.5: The student uses this procedure
to deduce the oxidation number. The
Teacher: Two and & half? response 1s an INSIGHT response.
You have four sulphur, you
have_six times negative two, IL.6-12: The._teacher demonstrates the
. 80 that's negative twelve, . use of the logical-analytic procedure.
10 is equal to negative two. .
So that's 45 = 10, so that's L.12:" Uncombined specles are assigned
S =2.1/2, Your iodine the oxidation number of zero. This may
obviously is going from zero have been explained in a previous lesson.
here to negative cne here.
15 So how many sulphur atoms 1L.15-18: This question requires the
then have to be oxidized for students to relate the oxidation numbers
“every lodine atom that is to the balancing of the equation. This
reduced? (Paugse) The 1in- . question and the statement in ILL.34-36
crease here is what? Just assume that the representation has an
20 because We have a fractioen exact correspondence with states—of-
for a change don't let it affairs.
worry You. The increase is
a half and the decrease 1is L.18: The pause might be an indication
one, go how many would you that the students do not ynderstand the
25 require? (A bell sounds. logical-analytic procedure they are to
Some of the words cannot be use.
heard.) . . . now putting
it in here it gets a little
complicated for we already -
30 have two there. So, you would LL.30-45: The teacher demonstrates the
then put for two of these, logical-analytic procedure by balancing
you would have to elther put the equation.

one to one and a half, or one
to a -half, rather; so that you

35 have two sulphur atoms for one
iodine atom. And this 18 abouc
ag complicated an example as
you can get, here., Or, since
you have four over on the other

40 aide, you might end up by say-
ing, two of these, one of these
which would mean two of those,

~ and two of those. And that

should work out.

45 (2 850372 4+ I, = 85,0572 + 2 I7)

Anyway, that 1s the balanced
equation. Now the important

63
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thing though is to take a
look at what you've done--

I still remember doing this
for the analysis of copper
and 1t drove me crazy. But
anyway, you have taken a known
solution of thiosulphate, and
titrated it with this. So if
you knew the concentration
you could do what? What
could you calculate as far

as thlosulphate ions?

Student:
moles.

The number of

Teacher: And 1f you know
the number of moles here,
and you know the ratio here
you can get how many moles
of 1lodine, eh? And then what
can you get knowing the number
of moles of lodine, eh?

Student: Find the number of
moles of ferric lon that were
changed.

Teacher: Right, then you can
get the number of moles of
ferric ion; and then you can
calculate the welght of ion
or the welght of ferric iron,
then you'd know the welght
of iron in the sample. 8o
find the composition of the
sample. And so that's the
type of thing you can go
through. HNow, the peint
is though, this is why I've
been demonstrating its use
in quantitative analysis,
simply because of this,
wherever you are, equilibrium
reaction between lodide and
lodine; the iodide is very
easily oxidized to iodine;
the lodine is very easily
reduced to iodide ion. Okay,
now. We can have a break
for three minutes; see your

-
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Episode 14.

LL.5-24: INSIGHT. The
students are to use a logical proce-
dure which permits the quantities of
substances to be calculated from the
chemical equatiéﬁ. This procedure
relies on the inference that the
equation has an exact correspondence
to states-of -affairs.

L]

1.13: The student uses the logical- ’
analytic procedure to link the process
of titration with the mimber of moles.
This 1is considered to be a recall of the
information given in L1..9-18 p.Al7.

L.15: The ratlo referred to here 1s of
the integers preceding the symbols of
specles in the balanced chemical
equation.

1L,.22: The student continues to use the
logical procedure. This response 1s an
INSIGHT response.

Episode 15. IL.24-45: TIMPRESSION.

The relationship between the number of
moles and the measurable welght of sup~
stances 1s not explicated here.

-

"‘

L.43: The teacher elicited the term
"noderate” to describe the oxidizing and
reducing effect of lodine on 1.1 p.All.

IL.45~5 (p.A22): The remzinder of this
lesson conslsts of Group 2 statements.
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marks on the test 1f you want,
and then come back and do &
couple of exercises, and then
we have to see a film today
because it has to go back.

(The second part of this double o .
lesgson begins with an example

of balancing half-equations.

Then a film is shown, "Bromine:

Element from the Sea.")

&
Append ix Three!
Standard Oxidation Potentials for Half-Reactions
Ionic concentrations, 1M in water at 25 degrees Centigrade. -
All ions are aquated. Doty

Half-Reaction ED (Volts)?

Hy(g) —> 2 + 21+ 0.00 Wﬁﬁiﬂg@ :gengt:h t
Cu —> e +aut -0.52

T —> 2T+ I -0.53 *

Hy0; —> 27 + Op(g) + 24" . -0.68

Pet? —> e+ retd -0.77 :

Hg(n —> 2" + Hg*? -0.78

2Br= —¥ 26" + Bry(l) -1.06

17 —> 27 +Clya) -1.36 ¥

2F~ —> 27 4+ Fy(g) -2.87 very strong

oxldizing agents

 This information is reproduced from Chemistry: An Experimental Scilence.
Prepared by the Chenical Educational Material Study under a grant from

the National Science Foundation (San Francisco: W. H. Freeman and Company,
1963), pp. 452-453. )

2The E? value is interpreted as a quantitative measure of the tendency of
the half-reaction to proceed as shown, compared to that tendency for the
hydrogen half-reaction as shown. ({Negative E? values indicate non-
spontaneous half-reactions.) Germane to the discussion on pp. A8-A9, the
oxidizing agent in each half-reaction is the substance shown to the right
of the arrow (e.g. 2H*, F2, etc.).

s
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TEACHER X LESSON 3

GRADE 12, CHEMISTRY (FOUR-YEAR STREAM)

(The lesson begins. The students arrive late from their previous class.)

Teacher: While this 1s fresh This lesson follows one in which the
in our minds we'll have a students prepared soap and tested it.
test . . . (indistinct) . . . They recorded their observationms.

nei;c period.
LL.1-25: The statements in this por«

5 Student: One? tion are ldentified as Group 2 state-
’ ments. In L.25 there 1s a reference
Teacher: No, it’ll be less to the recorded observations which
than a period test, and if were made in the laboratory work of
you . . . (some students the.previcus lesson.
enter). Come on Geoffrey,
10 let'’s move. (Pause) Now

some of the work we did
was not covered by the . . .
by the textbook, such as
‘ the making of hand lotiom.

15 S0, don't forget that—-
don't rely completely on
your textbook, otherwise . . .
if you are familiar with the
questions at the end of the

20 chapter, and the summary,

you should have a very good

chance of doing well. BSo Episode 1. LL.26-31 (p.A25): RULE.

that is tomorrow. (Pause) In this episode the teacher requires’

Now let's summarize your the students to precisely describe their
25 observations please. What observations in terms which he introduces.

was the appearance of the The students substantiate the use of

facr? Incldentally, what these terms using their observations.

9
was the fat we used? LL.27~28: The name of the fat was not

observed; the questlon requires a recall
of information given by the reacher in
the previous lesson. Thus, 1t 1ig an
DMPRESSION question.

Student; (Quietly) Ilard.
30  Teacher: I beg your
pardon.
L.32: This is an IMPRESSION response.
LL.37-38: The question requires the

Student: Lard.

Teacher: (Throughout this students to communicate their obser-
section he writes the vatlons of states-of-affairs. The
35 observations on the board response will not be a recall of pre-
as the students answer viously imparted information, bur it
the questions.) And its will be a report of observations.
appearance cold? ) The question 1Is a RULE question.
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Student: White, er, solid . . .
white substance.

Teacher: Would it be . . . was
it, er, would you classify it
as a solid? _(Student: Yeah.)

Lynne, gum please!

Student: Yeah.

Teacher: It kept its shape
reasonably well, it had a
definite shape, but was this
shape permanent?

Student: No . . . no.

Teacher: It had a plastic
quality, ¢ could be deformed;
and er, something of this
nature is not classified as
a2 . . . conpletely as a solid,
but is known as & semi-solid.

Student: Like ice?

Teacher: No, ice is a solid,
you cannot deform ice, it
will crack and break up.
It's crystalline, it's a
regular solid; but something
which can be pushed around
or is plastic, and er . . .

Student: Jello.

Teacher: . . . i3 2 semi-solid.
And, of course, it has an
olly feel. The, er, iard
that was sold fifteen or
twenty years ago was notl
as pure white. The lard
(a student is speaking)
we get today is a highly
purified . . . what is it
Julie.

Julie: I was just trying
to find out what that
word was . . . (she is
pointing at the blackboard).

L.1: The observation 1is related to the
term "solid" which has a precise mean-
ing in chemistry. The term "solid" is
an abstraction referring to a classifi-
cation of substances. '

LL.4-5: The teacher challenges the
logical-empiric procedure by which the
student has classified lard as a solid.
This is a RULE question. :
L.7: The student's response does not
provide substantiation for this classi-
fication.

L.8: An attribute of solids is that
they have a permanent shape.

LL.10-11: This PULE question requires
the student to justify his classifica-
tion using an empirical reference.
LL.13-18: The teacher uses empirical
referents to explain why lard wmay not
be considered as a solid according to
the prescnt classification. The phrase
"{s knowm as" clearly references the
paradigm, and distinguishes an infer=-
ence from an observable phenomenon.
L.19: This question appears to be an at-
tempt to clarify the use of "semi-solid."”
L.20: The teacher does not reference
the paradigm, although this was done in
L.18. He clarifies .the classification
using empirical referents. The phenom-
ena he refers to are likely to have been
observed by the students. The use of
such references is characteristic of
RULE mcdel teaching.

-

LL.30-31 (p.A25): In this portion the
teacher distinguishes between the white
lard which may be purchased, and the
grey lard available previously.

o

[LL.36=7 (p.A25): This interruption is
considered to be Group 2. It appears
that Julie cannot read a word which is
written on the blackboird. The teacher's
exhortation in LL.5-7 p.A25 is regarded
as containing Group 3 statements.]
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Teacher: White? White semi~
solid.
. Students: Oh white . + o oh,
vhite. (Some laughter) ,
Teacher: Let's sharpen up.

I know it's period ten,

but lut's keep on the ball.
" The lard which we buy today

18 not the same pork fat

that it wvas a few years

ago. It used to be a kind

of a pale grey color, and '

did not have as good

shortening qualitities in

baking as it has today.

What they do .today 1is to

hydrogenate it slightly,

to filter, and purify

it until it's almost a

chemical product . « . no

longer as natural as it

would have been. Now,

you can do the same thing

by saving pork dripping

at home; and you can use

it for making ple crusts

and biscuits and that

sort of thing, but it

will not be quite as

high quality as the stuff

that you can buy. What

was the appearance of the

lard after 1t was warmed,

Jackson?

Jackson: Er, it looked
like oil.

Teacher: And was ’t
colorless?

Student: No . . .

Teacher: Or . . .

Student:
color.

Slightly yellowy

All right. Pale
But it was clear
Okay, pale yellow

Teacher:
yellow.
and oily.
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L.8: The teacher describes the differ-
ences between pork fat and contemporery
lard. The reference to hydrogenation
may be to link the present discourse
with a process which was taught in a
previous lesson.

L.24: The reference to dripping makes
some provision for the students to
verify what the teacher is asserting.
This provision is asgociated with RULE
model teaching.

Episode 2. 1L.31-18 (p.A26): RULE.

In this episode the students are re-
quired to describe their observations,
and to organize them using a logical-
empiric procedure involving classifying
on the basis of observed features.

iL.31-42: The questions and responses
are used by the teacher to justify the
classification of "pale yellow liquid.”
This use of evidence for justification
1s associated with RULE model teaching.

LL.44-6 (p.A26): The teacher requires
the students to use the attributea of
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Lynne:

Teacher :

Lynne:

Teacher:

Student:

Teacher:

A26

liquid. (Pause) Was it
aoluble in alcohol? After '
both the alcohol and the

lard ,were heated, did it
appear to form, er, a true
solution? Lymne.

No, it looked like
Separate parts.

I see, 80 1t was.
actually a mechanical mix-
ture . . . of two liquids,
eh? So this pretty well
completes our first stage,
we just warmed 1% enough

to melt the lard, with

the alcohol, and ended up
with 2 mixture of these

two liquids. Was there

any noticeable change

when the base was added--
another clear, colorless
1iquid? (Pause) After
heating and stirring {id
the, er, did the two liquids
remain separate or did they
« . . did they blend? Lynmne.

Um, I think they
remained separate, and I
think the olly stuff started
to foam . . . around the
beaker? (There 1s sn inter-
ruption as a student enters
the room and asks whether

or not another student iz
present. The teacher
responds, then the lesson
continues.)
Possibly. Yes.

It sort of becarme
together; and solid, and
another lardy type substance
« « « (The interruption con~
tinues, the student who
entered, leaves.)

I think, most of
the ones that I saw, that

¥
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true solutions to determine if this sub-
stance may be considered as a solution.
This use of a logical-empiric procedure
is similar to INSIGHT cueing. However,
there appears to be no intention of pro-
moting this classification without
making provision for alternatives. This
1s evidenced by Lynne’s response which
is acknowledged by the teacher. He then
provides an alternative phrase to de~
scribe Lynne’s observation.

In LL.12-18, the teacher symmarizes the
experiment and the observations.

Episode 3. LL.18-31 (p.A27): RULE.
The teacher continues to aild the stu-
dents in the organizing of their
observations.

LL.18-26: The questions in this section
are identified as RULE questions. The
words used by the teacher are everyday
words. Thus he is not attempting to
promote a specific response, but to
obtain a report of observations.

Lynne, in L.27, and the student, in L.3%,
provide conflicting reports. As seen
below, in L.1 p.A27, Lynne's observa-
tion 18 not anticipated by the teacher.
But his response (L.38) 1is significant.
By honoring Lynne's report, he implies
that an observation cannot be wrong. At
the same time he makes it ¢lear that
there may be alternatives, and that they
will be entertained.

LL.45=6 (p.A27): The teacher reports
hizs observations in a way that indicates
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the division between the two
liquids tended to disappear,
and it tended to become more
uniform.
to form an almost uniform
solution.
tinued heating, what was the
most apparent thing that you
observed? Remember that you
have got more senses than
just eyesight.

Student: The smell?

Teacher: The odor of alcohol.
And visually, what did you
observe, besides this

uni formity?
Student: Bubbling.
Teacher: Bubbling. And did

you notice any change in
the quantity, Jackson?

Jackson: Er, well that sort
of olly stuff, before 1it's
turned to, er, white solid .

Teacher:

there something that was ob-
served before that?

Student: Evaporation.

Teacher: Evaporation took
place, or the volume was
reduced. &nd I rhink we're
approaching the final stage
now, which we'll call number
three, and this is when the
products actually become
visible. And how did you
describe the products, the
appearance at the very end?
nid you, er . . .

Student:
formed. together.
er, yellowy-like fat kind of
a substance--liquid on the
bot tom.

So that it appeared

And then with con-

a27

Okay, was that apparent
right at the beginning or was

We (unclear) substance
You get the

70
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that they are not unique. Therefore,
there 1s still provision for the con-
sideration of alternatives, which is
evidenced by the words "tended" and
"appeared." Both words are being used
in a tentative sense.

L.10: The reference to senses other
than eyesight maght be an attempt to
demons trate an accepted use of the
term "observe." Alternatively, it
could be intended as an INSIGHT cue.
The response in L.12 substantiates the
latter interpretation. But the cue is

-"insufficient for the student to identify

the smell by name. The teacher does not
permit the students to supply the name,

which allows this portion to be identi-

fled as INSIGHT.

LL.19-20: An observed change in quantity
might indicate that the phenomenon known
as “evaporation'" had occurred.

Jackson's observation appears to be of

a later stage in the experiment. This
is evident from the teacher's response
vhich folliows. The teacher does not
imply that Jackson's observation 1s
wrong, merely that aseimportant observa-
tion has been omitted.

L.28: It is possible that the student
believes that he observed evaporation
rather than the manifestation of evap-
oration. The teacher does not correct
this possible misconception; but he
provides a correct way of describing
the observation.

Episode 4. LL.31-48 (p.A29): RULE.
The intent of this eplsode appears to
be similar to that of the previous
episode.
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Teacher: Would "waxy" be an
adequate word--did it have
kind of a semi-haxrd wax,
waxy appearance? A light
colored waxy . . . and you'll
notice that this formed
even when 1t was hot.

Now, would this lead you
to believe that there was
a new product formed or
that it was just the fat
kind of, er, being boiled
out of the dish? Did it
seem to have the same
properties as the original
lard?

Student: No.

Teacher: So, it, er ...
and there was some, still
some kind of yellow liquid
formed, eh? (No response.
Pause; he writes on the chalk
board.) Now without testing
them, we could tell from
the behavior of this &
solid what it was pretty
well. There's no way,
that we could really
tell what this is (i.e.,
the liquid formed) without
chemical tests, but it's
no secret, this would
have to pe the other
products and some of the
leftover water which was
present--we didn't evaporate
all the water. Yes?

Student: The, er, soap like
wax, it wouldn't, er, wouldn't
hardly, completely mix, like
you couldn't squish it all
together, it kept in sort
of little lumps. It
wouldn't-~I don't know
how you'd . . .

Teacher: We didn't bother
doing this, but 1if we had
added a little bit of salt

A28
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LL.1-5: The teacher suggests words for
characteristics of the product mentioned
by the student in LL.40-44 (p.A27). The.
use of a question indicates that he is
making provision for the consideration

.of altqmatives .

LL.8-16: The questions asked require
the studentg to make judgments about
claimg using evidence which they have
obtained previously. This 1s typical
of FULE questions.

L.25: "Behavior" refers to what occurs
when the substance 1s subjected to the
"foam test."” This test 1s described in
the analysis on p.A29.

L.27: The teacher appears to pe empha-
glzing that the descripticns of what

1s observed are confined to the results
of the students' experiments. Thus

the use of evidence from other chemical
tests 18 not to pe relied upon.

L.38: The studeat indicates that his
product did not demonstrate all the
characteristics of soap with which he

1s familiar. It appears that his sample
did not coagulate in the way that house-
hold soap does. ' -

LL.46-15 (p.A29): The teacher provides
an explanation. It is implied that the
process of coagulation 1s inhibited by




10

15

20

25

30

35

40

45

50

-

water, like very salty
water, 1t would have

helped to separate the

soap from the glycerine;
but it also would, we would
have lost some of the sosap.
If we put in pure salt, why
it wmight have--gprinkled
some pure salt in--it
might have done the same
thing. But you would
probably be able to collect
enough of this to test with
the, er, water foaming
action. (Student yawms;

teacher writes on the board.)

I asked you to mention the
height of the foam above
the surface of the water
when you did the foam test,
I saw one that looked to be
about two, two and a half
inches, Earl? So, er, did
anyone get a height of foam
higher than two and a half
inches from the water--this
was the best one I saw.
imum then, two and & half

Max-

inches of foam, and this would

compare very favorably with
commercial products. So,
is there anyone that had
less than half an Inch of
foam? (Some hands are
ralsed.) Anyone less than
a quarter of an inch?
(Three hands are raised.)

Student: We ended all up
liquid.
Teacher: Oh. Well,

approximately a quarter
of an inch wouli be the
minimum, and I expect
there would be every

level in between.pretty
wall. Usually, about an
inch to an inch and & half
ig the average. As far

as conclusions are con-
cerned, er, would you
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the presence of glycerine. It is pos-
sible that the students were told the
name of this product in a previous
lesson. The explanation is intended
to show that although coagulation is
incomplete, the product may still be
identified as-soap. The presence of
the words "might" and "would" suggest
that provision is being made for the
consideration of alternatives, which
would justify the clagsification of
this portion as RULE.

L.20: The "foam test" involved the *
addition of distilled water to the
product, followed by shaking the mix-
ture i1 a test tube. The appesarance
of foam indicates the presence of soap.

LL.23-263 The teacher solicits obser-
yations about foam from the pupils.
(But in LL.38-3%9 the student's response
is anomalous, as noted below.)

L.38: That 1s, no foam was observed.
In the following line the teacher dis-
regards this anomalous observation.
Instead, he asserts what would be
cbserved generally. The students are
provided with no support for this zlle-

gation. This portion is identifled as
IMPRESSION.
Episode 5. LL.48-33 (p.A32): This

eplsode is predominantly identified
as RULE. There 1s evidence of some




A30 :
call this a physical change = confusion between postulated and observ-
or a chemical change? able entities, which is noted in the
{Pause) Yes? - analysis.
. < L.1: This question requires the students
Julte: FPhysical. to use a logical-empiric procedure for
. classifying the observed change. Thé
>  Teacher: Yel. procedure involves the identification of
. N attributes of the products. This would
¥el: 1It's a chemical change. suggest that the question is an INSIGHT
. ' cue. However, an examination of, the
Teghc?:r;lazsdgumfck:z: :‘;an evidence and the procedure is forthcom-
without controversy. When :ng Hgi;h suggests that a judgment is
10 I ask a question there are ntended.
at least:two answers, and LL.7~12: This comment fg intended to be
sometimes more. (Some humorous. The "controveray"” may derive
laughter) What, on what from Mel's thinking that the teacher
basis do we judge whether implied that Julie's response was incor-
15 a change is chemical or - rect. ..
physical? What do we look
for in a chemic2l change
for instance? Scott. » >
Scott: Well in a chemical Scott's *}esponse refers to abstractions.
20 change, the atoms completely He defines some characteristics of this
: change, but in a physical classification, but suggests that the
change it's just the state . . . .postulated entities exist.
Teacher: State is one fom The teacher does not take account of
of physical change. Can the misrepresentation made by Scott.
25 you give me, er . . .

. Julie: Oh, in a chemical Julie confuses the attributes. She
change, the molecules are represents postulated entities as
rearranged or something, cbservable entities.
and the physical, er, they .

30 can't be put back together .
in the original form. ’ -

"  Teacher: I see. Well just ) L.32: The teacher relies on the attri-
think, you told me you thought bute that a physical change is easily
this was a physical change. reversed. This might have been the

35 Now, do you think that there point which Julie was attempting to make
would be any easily reversible in LL.26-31. From the responses on this
process where we could take page, it is inferred that the students
this substance that we are aware of the distinctions between
produce and put it back physical and chemical changes in terms

40 into the form of, er, alcohol, of the arrangement of "molecules." There
or pardon me, base and lard? is no explicit reference to this paradigm.

Julie: Well you could, er, Julie seems to be pointing out that
you could sep . . . separate geparation of the products would yileld
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the 1iquid at the end, and
you can, er, cool the water
and you get solid.

"~ Teacher: Well, did that

3 substance you produced,
did it have the properties
of water? Did it, er . . .

Julie: No, it had the
. properties of a semi-
10 30l11d? h

Teacher: It was kind of
a slippery semi-solid,
that's true, but,. er, -
ic might pay just to

15- take a little lard’ and
" try a foam test on lard,

. see if we've been wasting
our time. (There is some
noise as he moves behind

20 the bench to get the lard.)

Now this probably seems like

a useless sort of test; but
i¢ is important that we
recognize the difference
25 * between physical changes
and chemical changes. Take
about as much lard as most
of you took soap, add some
water . . . I'11 bet I get
30 as much lather as some of
"you got at that.
it, no lather forms.
No it doesn't.) Well, this
is the question. Would
35 the atoms be rearranged
into new partnership or
would they not? Now that's
the, that's the criteria
for . . .

40 Student: In this like they

would.
Teacher: Yes. Yes, Julie?
Julie: You mean the atoms,
you mean, oh, arrange into
45 oh, you know take on a new
form.

(He shakes
Students:

A3l
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a liquid and a semi-solid; and, since
these two states were also present
inicially, then more evidence is needed
to judge whether the change is *'chemi-
cal™ or "physical."

LL.4-7: The teacher's question is'
interpreted as determining the validiCy
of Julie's objection.

Julie emphasizes that both the product,
soap, and the reactant, lard, had
properties of a semi-solid.

Julie's objection and request for more
evidence is typically allowed -In the
RULE model. The teacher hag noted the
objection, and provides the necessary
evidence by performing the "foam test"
on the lard. Thus, he demonstrates
that the semi-solid product may be
distinguished from the lard. This
recourse to direct evidence is a cri-~
terion of the RULR model.

LL.34-39: Atoms are postulated entities
which are presented here as observable
entities. In addition, it is implied
that the above demonstration indicates
the formation of "new partnerships."”
They may be inferred; but there is no
reference to the paradigm which would
permit this. Consequently, the portion
cannot be identified as RULE. - Instead,
the presence of a logical-empiric pro-
cedure and the incorrect use of empir-
ical references with no reference to
the paradigm is interpreted as INSIGHT.

L.40: The student has no evidence to
support the slaim for the formation of
"new partnerships,' although one can
infer from Julie's response that the
students have. previously been given a
commection between ''chemical changes"

and the formation of "new partnerships.'
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Teacher: Yes. Or another way

of saying it '1s that in a
chemical change products are
formed, and how would the
properties of the products
compare.with the propertiles
of the original substance.

Student: They're different.

Teacher: They're different.

The properties of the products
are completely different from
the original properties. Now

a physical change might be

like freezing. If you take

a sample of water and freeze

it, it takes a new form~-

a colorless crystal. But

it's very easy, simply by
heating it up again to get

the original water back.

So this 1s a physical change.

So we'd better put this down

as our conclusions that soap~
making 1s a process which . . .
is a chemical change . . .

(he repeats the phrase for
dictation) The final products—-
new sentence-~the final products
« » « have properties . . . com-
pletely different . . . from the
original substances . . . because
the atoms . . . have formed new
and different partnerships.
(Pause) Any questions on the
experiment? (He writes on the
board.) Yes.

Student: Oh, er, for the

test, do we just have
to know the things we
took up in class, like
ions. We didn't take
some of the things that
are in the cext.

Teacher: No that's right.

But, er, the things that

we didn't take in class . . .
you're only responsible

for the answers to the
questions which I assigned,

1L.1-:2?: The teacher introduces a
further means for distinguishing
between the two typeg of changes
which does not rely on postulated
entities, bur on the observations of
the students.

The example of a "physical change"
provided in this section i1llustrates
the use of the logical-empiric pro-
cedure involving observable character-
istics. Theé empirical reference
(L.15) makes reference to a common
phenomenon. However, there is no sub-
stantiation for the teacher's asser-
tions about states~of-affairs. Thus
this section (LL.S~21) is identified
as IMPRESSION.

LL.22-33: Since the contents of a
dictation would normally serve to
supmarize, the following dictation

is identified as Group 2. However,
it is useful to note which portions
of the preceding teaching are‘'summar-
ized; particularly the statement con~-
cerning the "formation of new and
different partnerships” (LL.32-33).
In this lesson the students have not
been glven sufficlent evidence to
justify that this inference may be
made from thelr observations: nor is
there explicit reference to the para-
digm that would permit this Inference
o be made once the change has been
identified as "chemical."

LL.37-5 (p.A33): Group 2. This dialogue
concerns the content of a forthcoming
test.
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L
because you can get it from
discussion. So you're re-
-sponsible for the informa-
tion which was required to
answer those questions. Any
questions on the experiment

{itself? (No response. Pause:)

In the commercial productiom of’ Episode 6.

soap, the manufacturer makes
sure that there is just a
little bit too much base;

now, he doesn't want to add
enough bage that it will . . .
that he will be wasteful,

but he wants to make sure
there's enough base that

all the fat is converted.
Question, Ernie?

Ernie, Ah, er . . .

Beg your pardon.

_Tgacher:
Ernie: No sir.
] Teacher: So that when the

soap is finally made he

has a little bit of extra
‘base left over plus a little
bit of . . . plus the glycer~-
ine which has been produced.
S0 the first thing which

he does is to remove the
glycerine . . . and the extra
water--the glycerine and .
water are removed--by the
proceus known as saltin

down, (He writes the phrase
on the board.) And this is
simply the addition of some
comzon salt to the mixture;
and it causes the soap to
kind of harden into a mass;
and the glycerine and

water are excluded from -

the mass. The second step

is to use litmus. or some
other indicator, and add

just enough weak acid to
neutralize any excess base
that is present. The left-
over base then, is neutralized.
Now the remaining steps in

76

LL.8-42 {p.A36): IMPRESSION.
In this episode the teacher describes
the commercial production of soap.
Initially there is an iwplicit relation-
ship between the commercial process and
the atudents experimntal work. There
is a reference to & flow chart in the
students' textbooks, which is described
by the teachex. The flow chart is not .
included in the present transcription,
for it does fot advance the analysis.

LL.18-21: Group 3. (It could be that -
Ernie is not attending to the lessom.)

This episode is "characterized by the

"lack of evidence to support the

teacher's assertions, and by the use
of the textbook as an authoritative
source.

L.33: The process of "salting down"
has been described in L.3 p.A29.

But at that point the process was not
named. Thus there is no special pro-
vigion for the students to relate the
commercial process to their laboratory
work. The provision of such a relation
would enable the students to make some
judgments concerning the viability of
the commercial production, apart from
being obliged to rely exclusively upon
the assertions of the teacher and the
textbook.

Presumably, the terms "acid" and
"neutralization" have been introduced
previously.

-
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the process~~the commercial
process--arte ghown by means
of what 1s called a flow
chart, on page one sixty

of the text. Just turn

to that now and we'll go
over it quickly. (Pause)

In the upper right hand, or
in the upper left hand corner
of the dlagram, we see the
‘big tdnks where the soap is
stored from the hydrolyzer . . .
and 1t is slightly basic.

_Now, it is run in liquid form--

or semi-liquid form—-down

into the mixing tanks, which

are called the metering and
mixing unit, and the stabilizer,
which they talk about, is the
acid which 1s uged for neutraliz-
catlon; and the preservative is a
mixture of chemicals which keep
the'soap from drying out. Now

a few years ago, 1f you tried

to store soap for months, it
would probably get quite hard,
and, er, would be difficult to
uge; but they now put in syn~
thetics~-usually stearates—-—
which help preserve the mois-
ture and keep the soap in good
condition for a long period. <.
So this 1s the preservative.

Now still in t{he very warm,
liquid stele, 1t 1s elevated

up to a nopper above a big
reller which 1s kept cool by
circulating water. And the
liquid soap runs over the
surface: of this roller and

it hardens, as it cools; so

that it forms a thin layer

of soap on the roller. Then,

as you can see, as the roller
rotates . . . the roller rotates,
the scap 1s scraped off in

the form of flakes, and is
elevated up into the drier,
where It passes over a serles

of conveyor belts and warm

alr 1s blown across it so

that the-flakes are dried

out. The dried flakes then

1L.2-7: The students are not pro-
vided with any means for determining
the appropriateness of the flow chart
in representing states-of-affairs.

1L.21~32: In_this portion the teacher
points out the ugefulness of the pre-~
servative by referring to the drying
out of soap. The phenomenon réferred-
to 18 not visible to the students; and,
since it was "a few years ago" (L.24),
it may not have been within their
experience.

1..29: Stearates are generally under-
stood to be major components of soap.
{In a previous lesson the teacher
described soap as "sodium stearate.™)
There 1s no explication of how the
teacher defines some stearates as
"synthetics,” and sodium stearate to
be soap.
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sre put into these buggles--
which sre really just big -
troughs on wheels—and they're
stored for sometimes a week

.or two until the . . . through

the aging process the soap
becomes uniform, it has a |
molsture content and condition--
this is known as storage condi-
tioning, and it's very much
like tobscco. From there,
the final process starts,
and It only takes a matter
of miputes! It's dumped
inteo 8 big mixer, called

an amalgamator, and it's

at this point thst the
additives are put in--

the perfume, any coloring,
if it's mechanic's soap

this is where they add the
abrasive, the grit, and
then it goes through a
series of plodders, and
these plodders are just

like compacting machines;
and, er, the soap 18 com~
pacted and rolled between
rollers and then compacted
again; and finally is
extruded in the form of a
big sheet which 18 just

the right thickness for
barg of scap. Then, on

the conveyer belt, a Van
Buren cutter cuts 1t into
slabs, which would be

naybe, the size of ten

bars; and from there 1t

goes into the stamping
machine where it 1s actually
stamped intv the shape of
the soap cake, with the
trademark and manufacturer's
name and any design on it;
and from there it 1s auto-
matically wrapped and
packed in cartons, and la
ready to go to the warehouse.
The final step, as I say,
takes only a ter of
minutea, right from the

time it's mixed until it

L.1l1: Pr;e;mably this means thst the

- procestc is similsr to the storsge con-

ditioning of tobacco. In this lesson
there are no means for the gstudents
to determine the appropristeness of
thig analogy. It could be thst the
storage conditioning of tobacco hss
been discussed in & previous lesson.

The description. of this process contains
several terms which are not explained,
slthough they may have been introduced
previously. Other examples sre:

"Salting down" L.33 (p.A33)
"Neutralize” L.46 (p.A33)
"Hydrolyzer" L.12 (p.A34)
“Synthetics" L.29 (p.A3d)
“Stearates" L.29 (p.A34) ,
“"Extruded” L.31 (p.A35)

"Van Buren cutter” L.35 (p.A35)

The above terms are presented without
explicit reference to the laboratory:
work of the students, nor to any
experience with which they might be
famjliar. Thus the students are merely
being informed of this commercial pro-
duction of soca8p. There 1s no provision
for them to acquire personal knowledge
of 1t. Consequently this episode 1is
found to exemplify IMPRESSION model
teaching.
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is shipped out in the shipping
containers. And, of course,
there is a tremendous variety .
of soap products available.
Now, for laundry soap--this

is cosmetic type soap that
we're talking about here,
tollet sogp and bath soap—-
laundry soaps are usually left
in the form of flakes, or in
little granules. Sunlight
soap comes right from the
atdbilizer. How many of you
are famtliar with the yellow -
cake soap called Sunlight
soap?

Student: ©h yes,\my mother
always hag it.

Teacher: Usually people have
some Iin the laundry for rub-—-
bing across shirt collars and
cuffs, things like that--soil
spots--and it does seem to
help. This is about as close
ag you can get to the old-
fashioned lye soap that used
to be made in the home. It
does not have any air whipped
into it, it doesn't have any
.preservatives added, it will
dry out and become almost as
hard as bone 1f it's left™
for a few months. And, er,
it is oddly enough one of the
purest forms of soap. It is
pure soap and nothing else.
So that you resally get your
money's worth; it doesn't
smell as pretty or it doesn't
look as pretty as some of
the other cakes of soap, but
it is high quality soap. Yes?

Lynne: Isn't that the soap
that's supposed to lighten
your hair?

Student:

Yes, it 18 If you

wash your hair and go out
into the sun.

-
QD

o

A

1L.19-42: The example 'of Sunlight soap
provides the students with an empirical
referent. If they-are fgmiliar with
this soap they are partly enable to re-
late the drying out of soap with the
lack of preservative. However, it does
not seem feasible that being familiar
with both Sunlight soap and cosmetic
80ap will result in the realization
that a preservative is present in the
latter. The only information which is
deduycible from such a familiarity is
that the two soaps are somehow differ-
ent. This would not indicate in which
respect thelr constituents are differ~
ent. Thus, the teacher's assertion
concerning the presence of preserva-
tives in cosmetic soap remains unsub-
stantiated. This section 1s ldentified
as IMPRESSION.

Episode 7. 1L.43-26 (p.A37): IMPRESSION.
Lynne introduces a problem from her
experiences.

L.46: This statement apparently is
inténded to confirm what the soap is
supposed to do.
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Lynne: What would be in it )
to do that?

Student: What, the Sunlight?

-Student: Cleans better, l:h'at's

5 all. -

Teacher: I don't think there's LEL.6-26: The teacher offers a tenta~ ~
any, er, there's no bleach in tive explanation. Thia makea proviaion
it; but just the fact that for the conalderation of alternative
it removes the, er, hair oll explanationa. ~"The teacher aubatanti-

10 and any coating on the hair, ates hia claim by reference to common
and then you go out in the _phenomena. But the evidence is asaerted
aun. and it driea, .it dries by the teacher; thus, thia aection is
lighter. And then as your identified as IMPRESSION.
scaly, er, you know your

15 akin ia constantly producing

skin olls, your scalp is

producing thia oll, your

*  hair gradually darkens up

- ar,ain. And then ‘when you
20 vech 1t again, remove that, e

end dry it in tne sun, it

looks lighter again. So,

it doesn't really bleach

the hair, just takea the

25 oll out of the hair, and
leaves it lighter in color.
(Pause) Now, I was talking . Episode 8. LL.27-30 (p.A39): IMPRESSION.

over our future with some

of the people In the class
30 and the other class, and

we felt that just a brief

study of our water resources,

and what's involved in

purifying and keeping it topic.
35 pure--what we mean by pure

water. And what all the

fuss 1s about, why is it

in the papers all the time?

LL.27-36: This portion serves the pur-
pose of Group 2 statements. -In addi-
tion, several questions are asked which,
presumably, will be answered during the
course of the teaching of the next

Why are they so worried Although the data may be forthcoming
40 about the boats on the lake in a following lesson, there 18 no
when the city of Detroit immediate provision of means for the
puts as much Bewage into the students; tc determine the accuracy of
Great Lakes system in a day the estimated quantity of sewage put
as all the boats-~this is, into the Great Lakes by Detroit. R
\S all the amall boats, put

in in ter years? Why do
they pick on the fellow who
owns a little motor boat?
(A student says aomething.)

80 .
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Student:

Teacher:

Well, I think there's a very
good answer to that; I think
that they want people to get
concerned, and there are some-
thing like fifty thousand
crulsing boats In Ontario
waters, and they get fifty
thousand people talking about
this, and get it on the top

of thelr mind, this could be
tremendous political pressure.
Every fellow that has a boat
is going to be mad when he

has to spend three hundred
dollars for a holding tank,
and he gees some factoty just
pouring waste out into the
lake, and he's going to get
after his Member of Parliament,
and he's going to raise some
fuss and 1t can't do anything
but good.

But this isn't Detroit.
(Some students comment.)

The water conservation
authorities are bringing pres-
sure to bear on the people on
the American side, and they
are starting to do some work;
but they aren't . . . haven't
50 far been nearly as effective
as the Ontario Water Resources
Commission. We'll be getting
some material from them in the
way of, er . . .

tudent: Water! (Some
laughter.)
Teacher: Well we get material

from them through our taps,
but, we'll be getting some
printed material which will
tell their side of the story
about what the people in
Ontario are trying to do.
And, believe me, we better
do something because, right
now, Lake Erie 1s considered
to be a -dead lake. It has
passed the point of no return.

A38
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LL.1-22: The teacher prefaces his ex-
planation by the words "I think." This
identifles the explanation to be his
owt} and, since there is no indication
that the students are to explain the
phenomena similarly, the teacher is
making provision for the consideration
of alternative explanations. However,
the teacher substantiates his explana- '
tion by reputed reports of states-of- '
affairs. The agsertions in this por-

tion similarly represent states-of-

affairs and Inferences concerning those
states~of-affairs. Also, the students

are not provided vwith the sources of

the information used, thus they must

rely upon the teacher for accuracy.

For instance, it is questionable that

all fifty thousand boat owners will

pay the stated amount for a holding

tank, see factorles pouring out waste,

and contact their Members of Parliament.

Since these agsertions are made without
distinctions between states-of-affairs

and inferences, the pcrtion is identi-

filed as IMPRESSION.

-

LL.30-33: fThe teacher presents an
unsubstantiated judgment as if it
were a report of states-of-affairs.
The Jjudgment is gualitative. There
is no provision of evidence nor of
the logical procedures which are used
in the formulation of this judgment.

L.47: There 1s no reference to the
authority which Zinds that the lake
is "dead"; nor is there mention of
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The . . . 1t is calculated that
the only way in which that sec-
tion of the waterway can ever be
made natural again is simply to
dig a channel through the center
of the lake and make 1t into a
river. Now they already have a
ship channel, which is dredged
through the center of the lake,
but the rest of the lake will
simply become reclaimed land.
And, er, because as far as

the lake is concerned, it's

had it. The reason for this

is that there has been so

much industrial waste, so

much silt from run-off, so

wuch fertilizer that's been
swept into the lake from the
surrounding farmlands, that

the only organisms which live
therz are the kinds of organ-
isms which we find in, er,
gsewage, and In stagnant water,
which has a high organic content.
There is no fishing industry in
Lake Erie, There 1s , . . there
are still a few fish in some of
th-2 tributaries, but not in the
lake itself. (A bell sounds.)
All right, dismissed.

(The lesson ends.)
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logical procedures and the type of
phenocmena which are uer: to arrive
at the decision that the lske is dead.

The retrieval of the natural waterway
(L.4) 1is mentioned as tie only practi-
cal solution. This excludes the con~-
sideration of alternatives. ‘
—
The lesson continues with more unsub-=
stantiated assertions., It 1s clear
that the role of the student 1s to be
informed. There is no opportunity for
a student to examine the evidence which
1s supplied for there 13 no explicit
reference to 1ts source. Neither can
a gtudent examine the judgments which
are reported for the logical p~ocedures
used in formulating these judgments
are not explicated. Therefore the
eplsode 1s judged as exemplifying
IMPRESSION model teaching.




